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SUMMARY.
C y c lo p o n t a d i e n y l i d e a  ( o ^ g .  ( i l l ) )  were p r e p a r e d  fro..] 
d ib rom oc y c l o p e n t e n e  ( l )  b t h e  a c t i o n  o f  c y c l i c  o r g a n i c  
b a s e s  f o l l o w e d  by t r e a t m e n t  w i t h  c a u s t i c  a l k a l i o  The
i n t e r m e d i a t e  was shown to  be t h e  d ib ro m id e  o f  t h e  
d i q u a t e r n a r y  s a l t  ( e . g .  ( I I ) ) ,  and th e  r e a c t i o n  scheme may 
be  r e p r e s e n t e d ,  i n  t h e  c a s e  o f  p y r i d i n e , by t h e  e q u a t i o n s  :
 ^ \ = a = /  - W /  \ a _
I  I I  I I I
These y l i d e s  a r e  b ro w n - re d  c r y s t a l l i n e  s o l i d s , which im p a r t  
s t r o n g  c o l o u r s  t o  t h e i r  s o l u t i o n s . The c o l o u r  v a r i e d  w i t h  
p o l a r i t y  o f  t h e  s o l v e n t ,  e.„g. from o r a n g e - r e d  i n  a l c o h o l  to  
a s l i g h t l y  p u r p l i s h - r e d  i n  b e n z e n e .  The r e a c t i o n s  of  v a r io u s  
o r g a n i c  b a s e s  w i t h  d ib ro m o c y c l o p e n t e n e  were i n v e s t i g a t e d  b u t  
s a t i s f a c t o r y  p r o d u c t s  wore o b t a i n e d  o n ly  from p y r i d i n e  and 
s u b s t i t u t e d  p y r i d i n c s .  However,  red  m a t e r i a l s  o f  u n c e r t a i n  
c o m p o s i t i o n  were  o b t a i n e d  from a n i l i n e  and ammoniao A lso  a 
compound from d i m e t h y l  s u l p h i d e  was o b t a i n e d ,  p r o b a b l y  h a v i n g  
th e  s t r u c t u r e  ( IV )  a l t h o u g h  s a t i s f a c t o r y  a n a l y s i s  r e s u l t s  
were n o t  o b t a i n e d  i n  t h i s  c a s e .
The s t r u c t u r e  o f  t h e  y l i d e  from p y r i d i n e  was 
e s t a b l i s h e d  by c a t a l y t i c  h y d r o g e n a t i o n  t o  
N - c y c l o p e n t y l p i p e r l d i n e  and c o m p a r i s o n  o f  d e r i v a t i v e s  
o b t a i n e d  t h e r e f r o m  w i t h  t h o s e  from an  a u t h e n t i c  sam ple  #
T o t r a p h e n y l c y c l o p e n t a d i e n y l i des  were p r e p a r e d  from 
1 - b r o m o - 2 : 3 : 4 : 5 - t e t r a p h e n y l c y c l o p o n t a d i e n e  by a l l o w i n g  t h i s  
bromo compound to  s t a n d  w i th  t h e  b a s e s  a t  room t e m p e r a t u r e  ? 
and rem oving  th e  e l e m e n t s  o f  h y d ro g en  b rom ide w i t h  sodium 
h y d r o x i d e .  Y l i d e s  formed i n  t h i s  way were b l u e  t o  b lu e i s h *  
p u r p l e  c r y s t a l l i n e  s o l i d s , show ing  a c o r r e s p o n d i n g  r an g e  o f  
c o l o u r  i n  o r g a n i c  s o l v e n t s .
The u n p h e n y l a t e d  y l i d e s  decomposed f a i r l y  r a p i d l y  on 
e x p o s u re  t o  t h e  a i r  i n  t h e  s o l i d  s t a t e ,  b u t  more s l o w l y  i n  
s o l u t i o n .  The p h o n y l a t e d  d e r i v a t i v e s  were  q u i t e  s t a b l e  a s  
s o l i d s ,  b u t  t h e  c o l o u r  o f  t h e i r  s o l u t i o n  f a d e d  q u i c k l y ^  
S t a b i l i t y  was enhanced i n  ea ch  c a s e  by s t o r i n g  th e  s a m p le s  
u n d e r  n i t r o g e n  o r  i n  v a c u o .
D e r i v a t i v e s  were g e n e r a l l y  d i f f i c u l t  t o  i s o l a t e ,  b u t  
compounds were o b t a i n e d  w i th  p i c r i c  a c i d  ( from p h e n y l a t e d  
y l i d e s )  and benzene  d ia zo n iu m  c h l o r i d e  ( f ro m  u n p h e n y l a t e d  
y l i d e s ,  i n c l u d i n g  t h a t  from d i m e t h y l  s u l p h i d e ) .
A p r e l i m i n a r y  i n v e s t i g a t i o n  was a l s o  made i n t o  th e  
p o s s i b i l i t y  o f  p r e p a r i n g  many membored c a rb o n  r i n g s  by  
p i n a c o n e  r e d u c t i o n  of  a - ^ ^ - d i k e t o n e s .  a - ^ - h e p t a d e c a n e  
d i o a r b o x y c l i c  a c id  was p r e p a r e d  as  an  i n t e r m e d i a t e #
( v l i )
CONTENTS A
D é c l a r a t i o n #  , ( i )
C o r t i f i c a t O d  ( i i )
U n i v e r s i t y  c a r e e r  and r e s e a r c h  e x p e r i e n c e *  ( i i i )
P u b l i c a t i o n s *  ( i v )
A cknow ledgem en ts .  (v )
Summary* ( v i )
( v i i i )
I .  INTRODUCTORY# 1 .
I I .  HISTORICAL SURVEY,
1 ,  Thu D eve lopm ent  o f  th e  I d e a  o f  A r o m a t i c i t y *  3-*- ^
2 .  A s im p le  m o l e c u l a r  o r b i t a l  t r e a t m e n t  of  
benzene  and r e l a t e d  m o l e c u l e s ,  and d e r i v a t i o n
of  th e  H u ck e l  P o s t u l a t e *  18 .
3o A rom at ic  c h a r a c t e r  i n  f iv e -m em b o red  c a rb o n
r i n g s .
( a )  G e n e r a l  R em arks , 25#
(b)  F e r r o c e n e s , 2 6 ,
( c )  F u l v e n e s , 27.
(d )  F u l v a l e n e s , 3 0 ,
( e )  c y c l o p e n t a d i e n y l i d e s  # 3 1 .
I I I ,  THEORETICAL SECTION#
1.  I n t r o d u c t i o n ,  4 6 .
2 ,  P r e p a r a t i o n  o f  U n p h en y la ted  c y c l o P e n t a d - i e n y l i d è s , 4 6 .
3# S t r u c t u r e  o f  t h e  I n t e r m e d i a t e s  i n  t h e  P r e p a r a t i o n
of  c yc l oPe n t a d l e n y l l d e s 47*
4 .  P r ' O f  of th e  S t r u c t u r e  o f  P y r i d i n i u m
c y c l o P e n t a d i e n y l i d e , 5 2 ,
5 .  I n v e s t i g a t i o n  o f  t h e  P o s s i b l e  F o r m a t io n  o f  o t h e r
cy c l o P e n t a d i e n y l i d e 8 .  54#
6 . The A t te m p te d  P r e p a r a t i o n  o f  c y c l o P e n t a d i e n y 1i d e s
from B a s e s  o t h e r  t h a n  P y r i d i n e . 5 6 .
4 : 5 - D i p h e n y l g l y o x a l i n e ,  5 6 .
T e t r a m e t h y l p y r a z i n e , 57*
( I x )
2 ; 3 -~D im ethy lgu inoza l inG  * 5 7 ,
5 î 7 -Dimo t h y l - 2 ; 3 ~ b e n z o - l s 4 '~ d iazep in e  • 5 7 ^
Summary T ab le*  50*
Ammonia* 52 .
A n i l i n e *  5 %^
7 * A l t e r n a t i v e  S o u r c e s  o f  t h e  Pive-mombered Ring* 5 c^
2; 3 : 4 : 5 - T e t r a p b e n y l c.yclop e n t a d i e n e » .* 5^^
l - B r o m o - 2 : 3 : 4 î  5 - t e t r a p b e n y 1 c y c lo p e n t a d i o n e # 66.
P y r i d i n i u m  Tet r a p h e n y l c y c l o p e n t a d i e n y l i d o  * 6 7 .
Tet r a p h e n y l e y e l o p e n t a d i e n o n e  * 67*
Summary T a b le  o f  T e t r a p h e n y l c y e l o p e n t a d i e n y l i d e s  » 7 0 .
2 : 5 -D iphe  n y l c y c l o p e n t a d i e n e . 7 1 ,
D ib e n z o y lp r o p a n e  a s  a r o u t e  t o : -
5 ; 4 - D i p h e n y l c y c l o p e n t a d i e n e  * 71*
In d en e*  7 2 .
8* A t tem p ted  P r e p a r a t i o n  o f  Y l i d e s  i n  which  t h e  P o s i t i v e  
Charge i s  a s s o c i a t e d  w i t h  Atoms o t h e r  t h a n  N i t r o g e n *
S u lp h u r*  7 4 .
R e a c t i o n  o f  D im e th y l  S u lp h id e  and D ip h e n y l  
S u l p h i d e  w i t h  B romo t e  t  r a p h e  n y l cyc l o p e n t a d i e n e  . ylj.*
D im e th y Is u lp h o n iu m  c y c lo P e n t a d i e n y l i d e  * 7 5 .
Oxygen* 7 6 .
2; 6 -D im e th y l  •<-p y ro n e *  . 7 7 .
A t te m p ted  G r i g n a r d  S y n t h e s i s  from 
2 : 6 - D im e th y l  / - p y r o n e  w i t h  c y c l o P e n t a d i e n y l
D e r i v a t i v e s *  78 .
(x)
9* C h em ica l  P r o p e r t i e s  o f  P y r i d i n i u m  c y c l o p e n t a d i e n y l i d e s *
S t a b i l i t y ,  80 ,
R e a c t ! j n s •
( a )  P y r i d i n i u m  c y c l o P e n t a d i e n y l i d e ,  81 ,
D e r i v a t i v e s , 81.
Complex F o r m a t io n .  82 ,
Ma l e  i  c A nhydr ide  A d d i t i o n , ,  82 .
B r o m i n a t i o n , .  . 8 3 .
D iazo  C o u p l i n g ,  8 3 .
A c é t y l a t i o n ,  84#
R e a c t i o n  w i th  P o s i t i v e  Carbon  Atoms# 8 5 ,
(b )  P y r i d i n i u m  T e t r a p h e n y l c y c l o P e n t a d i e n y l i d e , 8 6 ,
D e r i v a t i v e s ,  8 6 ,
Complex Formation», 8 7 ,
M a le ic  A n h y d r id e  A d d i t i o n .  8 7 ,
] 0„ P h y s i c a l  P r o p e r t i e s  o f  P y r i d i n i u m  cy c l o P e n t a d i e n y l i d e »,
C o lo u r  o f  S o l u t i o n s .  8 8 .
S p e c t r a .  8 8 .
D ip o le  Moments. 89.
:V . EXPERir.IENTA.D SECTION.
P r e p a r a t i o n  o f  c y c lo P e n t a d i o n e , 90 .
P r e p a r a t i o n  o f  Dibromoc y c l o p e n t e n e . 90 .
P r e p a r a t i o n  o f  P y r i d i n i u m  c y c l o p o n t a d i e n y l i d e , 92.
E s t a b l i s h m e n t  o f  t h e  n a t u r e  o f  t h e  i n t e r m e d i a t e . 93 .
R e a c t i o n  o f  d ib ro m o c y c l o p e n t e n e  w i t h  one m o la r  
e q u i v a l e n t  o f  p y r i d i n e , 97 .
( x l )
C a t a l y t i c  h y d r o g é n a t i o n *  99*
N- c y c l o P o n t y l p i p o r i d i n e . 1 0 1 ,
P r e p a r a t i o n  o f  c y c l i c  o r g a n i c  b a s e s ,
4 : 5 - D i p h e n y l g l y o x a l i n e . 103*
Totramo t h y l p y r a z i n e , 104 .
2 : 3 -D im o th y lq ’u i n o x a l i n e , 105 #
I s o - N i c o t i n i c  a c i d ,  106 ,
R e a c t i o n  o f  d ib  romoc y c l o pe n t o  no w i th  v a r i o u s  o r g a n i c  b a s e s ,  
A - P i c o l i n e ,  107 #
- P i c o l i n e ,  108 ,
y - P i c o l i n e , 1 08 ,
P i c r a t e  o f  i n t e r m e d i a t e  108 ,
A t te m p te d  h y d r o g e n a t i o n  o f  ^ - p i c o l i n i u m
c y c l o P e n t a d i e n y l i d e . - 109*
2 : 6 ~ L u t i d i n e , 109*
2 : 4 : 6 - C o l l i d i n e • 1 1 0 ,
i s o Q u i n o l i n e , 1 1 1 ,
Q u i n o l i n e , 1 1 1 .
Te t r a m e t h y l p y r a z  i n e , 1 1 1 .
2 : 3 - D i m e t h y l q u i n o x a l i n e  « 1 1 1 .
4 : 5 - D i p h e n y l g l y o x a l i n e , 1 1 2 .
Trims th y la m in e  » 1 1 2 .
T r i e t h y l a m i n e , 112
5 : 7 - D i m o t h y l - 2 : 3 - b o n z o - l : 4 - 8 i a z e p i n e . 113
i s o - N i c o t i n i c  a c i d . 114.
Ammonia, 114*
A n i l i n e , 1 1 6 ,( x i i )
P r e p a r a t i o n  o f  p h o n y l a t e d  c y c l o p e n t a d i o n e s *
2 : 3 : 4 :  3 -TQt rap h e  n y l cy  d o p e n t  ad i e n e  * 1 1 9 *
D e s o x y b e n z o in ,  1 1 9 .
M e th y len e  b i s d e s o x y b o n z o i n ,  120 ,
2 :3  : 4 : 3 - T o t r a p h o n y l - 3 : 4 - d i h y d r o x y o y c l o p e n t a n e * 1 2 0 ,
2 : 5 - D i p h e n y l o y c l o p e n t a d i o n e * 1 2 3 *
- B e n z o y l p r o p i o n i c  a c id *  1 2 3 *
E t h y l ^  - b e n z o y l p r o p i o n a t e *  124 ,
A t te m p ted  p r e p a r a t i o n  o f  3 ; 4 - d i p h e n y l c y c l o p e n t a d i e n e #
E t h y l  b o n z o y l a c e t a t e ♦ 1 2 7 *
E t h y l  d i b e n z o y l g l u t a r a t e * 129*
1 : 3 - D i b e n z o y l p r o p a n e  # I 3 0 .
A t te m p te d  r i n g  c l o s u r e  o f  1 : 3 - d i b e n z o y l p r o p a n e # I 3 1 *
( a )  R e d u c t i o n  w i t h  Aluminium amalgam* 131  *
( b )  R e d u c t i o n  w i t h  Magnesium amalgam* 132*
( c )  R e d u c t i o n  w i th  Magnosium-Magnesium I o d i d e  * 133»
(d )  R e d u c t i o n  w i t h  Z in c  and a c e t i c  a c i d ,  134#
P r e p a r a t i o n  o f  1 -b rom o- 2 : 3 : 4 : 5 - t e t r a p h o n y l c y c l o p e n t a d i e n e *
( a )  U s in g  N -b ro m o su c c in im id e  on ' .
to  t r a p h e n y l c y c l o p c n t a d  i e n e , 1 3 6 ,
( b )  A t tem p te d  p r e p a r a t i o n  from
t o t r a p h e n y l c y c l o p o n t a d i e n o n e . 137  *
Te t r a p h e  n y l c y c l o pe n t a d i e none 1 3 7 .
R e d u c t i o n  w i th  l i t h i u m  a lum in ium  h y d r i d e ,  137*
P r e p a r a t i o n  o f  p y r i d i n i u m  t o t r a p h e n y l c y c l o p o n t a d i e n y l i d e . 138
( x i i i )
R e a c t i o n  o f  o t h e r  o r g a n i c  b a s e s  w i th  
b romo t o  t r a p h e n y l c y c l o pontacl i e n e , 
o< - P i c o l i n e . 139 ,
- P i c o l i n e ,  140,
ÿ - P i c o l i n e , .  140 ,
2 : 6 - L u t i d i n e ,  141 ,
i s o Q u i n o l i n e , 142 .
Q u i n o l i n e . 143 ,
5: 7 - D i m e t h y l - 2 : 3 - b e n z o - l : 4 - â i a z e p i n o • 143 ,
4 : 5 - D i p h e n y l g l y o x a l i n e ♦ 143,
P r o d u c t s  from t h e  m o t h o r - l i q u o r s  i n  r e a c t i o n s  o f
b r o m o t e t r a p h e n y l c y c l o p c n t a d i e n e  w i th  p y r i d i n e s ,  1 4 4 ,
M a le ic  a n h y d r id e  a d d u c t s ,  144 ,
A t te m p te d  p r e p a r a t i o n  o f  y l i d e s  from '
2 : 5 -d  i p h e n y l c y c lo p e n t a d i e n e « 1 4 5 ,
R e a c t i o n  o f  b r o m o t e t r a p h e n y l c y c l o p c n t a d i e n e  w i t h
( a )  d i p h e n y l  s u l p h i d e ,  1 4 7 #
(b )  d im e th y l  s u l p h i d e *  1 4 7 , 
R e a c t i o n  of  d ib rom oc y c l o p e n t e n e  w i t h  d i m e t h y l  s u lp h id e *  14 8 ,
P i c r a t e  o f  i n t e r m e d i a t e ,  149 ,
D im e th y l s u lp h o n iu m  c y c l o p e n t a d i e n y l i d e , 1 49 ,
D e r i v a t i v e s ,  150 ,
D iazonium  c o u p l i n g  p r o d u c t ,  150 ,
P r e p a r a t i o n  o f  2 : 6 -d im e th y l  y - p y r o n e ,  152,
Grignard r e a g e n t  from t e t r a p h e n y l c y c l o p e n t a d i e n e , 153 ,
( x i v )
R e a c t i o n  w i t h  2 : 6- d i m e t h y l - ^ - p y r o n e *  155
R e a c t i o n  w i t h  t e t r a p h e n y l c y c l o p e n t a d i e n o n e  » 155 #
Cyclop o n ta d  i e n y l  magnesium brom ide  and 2; 6 -d im e  th y  1 - ^ p y r  one ,156 
Tet r a p h e n y l c y c l o p e n t a d i o n y l  sod ium . 157*
R e a c t i o n  w i th  t e t r a p h e n y l c y c l o p c n t a d i e n o n e . 1 5 8 .
R e a c t i o n  w i t h  2 ; 6 - d i m e t h y l - y - p y r o n e , 160 .
D e r i v a t i v e s  o f  P y r id i n i u m  c y c l o p e n t a d i e n y l i d e .
P i c r a t e .  16 2 .
M o th i o d i d e ,  162 ,
T r i n i t r o b e n z e n e  a d d u c t . 162 ,
Complex f o r m a t i o n  w i th  c h l o r a n i l  and b e n z o q u in o n e #162, 
R e a c t i o n s  o f  P y r i d i n i u m  e y e l o p e n t a d i e n y l i d e ,
B r o m i n a t i o n .  163 .
M a le ic  a n h y d r i d e  a d d i t i o n .  164 ,
C o u p l in g  w i th  ben zen e  d iazo n iu m  c h l o r i d e . 165 .
A c é t y l a t i o n ,  2.66
C o n d e n s a t i o n  w i th  c a r b o n y l  compounds, 167*
D e r i v a t i v e s  o f  P y r i d i n i u m  t o t r a p h e n y l c y c l o p c n t a d i e n y l i d e ♦
P i c r a t e . 1 6 9 .
T r i n i t r o b e n z e n e  a d d u c t ,  170 ,
M c t h i o d i d e ,  1 ? 0 ,
M a le ic  a n h y d r id e  a d d u c t .  I 7 0 .
Benzoqu inono  and c h l o r a n i l  co m p lex es ,  171*
(xv)
R e fe r e n c e s *  1 7 2 *
B i b l i o g r a p h y *  1 7 7 *
APPENDIX I *
I n t r o d u c t i o n  and T h e o r e t i c a l .  1 7 8 .
E x p e r i m e n t a l .  181 ,
D i e t h y l  s c b a c a t e ,  181*
E t h y l  h y d ro g e n  s e b a c a t e .  18.1*
9 - K e t o - h e p t a d e c a n e - 1 : 1 7 - d i c a r b o x y l i c  a c i d ,  I 8 3 *
1 ; 17 -H c p ta d o c a n e  d i c a r b o x y l i c  a c i d .  184#
A t te m p te d  b e n z o y l a t i o n ,  I 85
R e f e r e n c e s .  I 87
APPENDIX I I *
A n a l y s e s .  188 .
T ab le  o f  a n a l y s i s  r e s u l t s .  I 9 0 *
( x v i )
I*  INTRODUCTORY.
The o r i g i n a l  i n t e n t i  >n was t o  i n v e s t i g a t e  two t o p i c s  
c o n c u r r e n t l y 5 n a m e l y ; -
( a )  t h e  p r e p a r a t i o n  o f  many membored c a rb o n  r i n g s  by 
th e  method o f  p in a c o n e  r e d u c t i o n ,  
and (b )  th e  f o r m a t i o n  and p r o p e r t i e s  o f  c y c l o p e n t a d i e n y l i d e s  
A f t e r  some p r e l i m i n a r y  work had b e e n  done on b o th  
t o p i c s ,  t h e  r e s u l t s  o b t a i n e d  from th e  t o p i c  (b )  showed 
p ro m ise  o f  c o n s i d e r a b l e  i n t e r e s t  and so  a t t e n t i o n  was 
c o n c e n t r a t e d  on t h i s ,  and th e  b u l k  of  t h i s  t h e s i s  i s  
d ev o ted  to  i t *  D i s c u s s i o n  o f  th e  f i r s t  t o p i c  i s  i n c l u d e d  
a s  an  a p p e n d i x .
D u r in g  th e  l a s t  few y e a r s  t h e r e  h a s  b e e n  much work on 
and i n t e r e s t  i n  th e  s u b j e c t  o f  n o n -b en zen e  a r o m a t i c  
compounds w i th  o t h e r  th a n  s ix -m em bered  r i n g s  which show 
t o  a g r e a t e r  or  l e s s e r  e x t e n t  t h e  a r o m a t i c  p r o p e r t i e s  
a s s o c i a t e d  w i th  b e n x e n e .  A l a r g e  volume o f  i n f o r m a t i o n  
h a s  b een  a s sem b led  a b o u t  such  compounds a s  t h e  a z u l e n e s ,  
t r o p o l o n o s  and u l v e n o s ; a n o t h e r  i m p o r t a n t  s t e p  was th e  
somewhat f o r t u i t o u s  d i s c o v e r y  o f  f e r r o c e n e .
R e l a t i v e l y  l i t t l e  s t u d y  had b e e n  made u n t i l  r e c e n t l y  
of t h e  p o s s i b l e  a r o m a t i c  compounds h a v i n g  a n e g a t i v e l y  
ch a rg e d  f iv o -n e m b e r e d  r i n g ,  w i t h  th e  e x c e p t i o n  . o f i t h e  
f e r r o c e n e s *  S h o r t l y  b e f o r e  t h e  p r e s e n t  work b e g a n ,
1'
D o c r in g  and D cpuy(46)  p u b l i s h e d  a s y n t h e s i s  o f  d i a z o -  
QyGlop e r i t a d i e n e ( l )
| g \  N .
I
The o b j e c t  of  thv.. p r e s e n t  r e s e a r c h e s  was t o  e x p l o r e  
t h i s  t o p i c , p a r t i c u l a r l y  w i t h  r e g a r d  to  t h e  p o s s i b i l i t y  
of  o b t a i n i n g  compounds w i t h  a d i p o l a r  s t r u c t u r e  th e  s o -  
c a l l e d  c y c l o p e n t a d i e n y l i d e s # w h e r e in  t h e  n e g a t i v e  c h a r g e  
on the f i v e - :  .ember ed r i n g  i s  b a l a n c e d  by a p o s i t i v e  c h a rg e  
on some e x o c y c l i c  g ro u p  which i s  l i n k e d  to  t h e  r i n g  by 
means o f  a p o l a r  b o n d .
Such sy s te m s  would be e x p e c t e d  t o  show some d eg ree  
of  aroma t i c i t y , In  th e  n e x t  s e c t i o n  t h e  c o n c e p t  o f
a r o m a t i c i t y ,  and e s p e c i a l l y  i t s  a p p l i c a t i o n  to  non-  
b e n z e n o id  s y s t e m s  i s  d i s c u s s e d .
I I ,  HISTORICAL SURVEY.
1 ,  The d ev e lo p m e n t  o f  t h e  I d e a  o f  A r o m a t i c i t y *
The r e d u c e d  u n s a t u r a t i o n  o f  many compounds h a v i n g  
p a r t i c u l a r  a r r a n g e m e n t s  o f  a l t e r n a t e  d o u b le  and s i n g l e  
bonds h a s  lo n g  posed  a p ro b le m  to  t h e o r e t i c a l  c h e m is t s*  
T h i s  r ed u ced  u n s a t u r a t i o n  i s  v e r y  marked i n  b e n z e n e ,  
which r e a c t s  more commonly by  s u b s t i t u t i o n  r a t h e r  t h a n  
a d d i t i o n *  K e k u l e ( l )  r e c o g n i s e d  a s  f a r  b a c k  a s  I 865 
t h a t  i n  t h e  s e r i e s  of " a r o m a t i c "  compounds, which  had a 
much h i g h e r  p e r c e n t a g e  c o m p o s i t i o n  o f  c a rb o n  th a n  the  
f a t t y  o r  a l i p h a t i c  compounds, d e g r a d a t i o n  a lw a y s  l e f t  a 
u n i t  o f  a t  l e a s t  s i x  c a rb o n  a to m s .  T h i s  s u g g e s t e d  a 
n u c l e u s  o f  s i x  c a rb o n  atoms l i n k e d  i n  some d i f f e r e n t  
and s t a b i l i s e d  m a n n e r .  Kcleulo^s p o s t u l a t i o n  o f  t h e s e  
s i x  c a rb o n  atoms b e i n g  jo in e d  i n  a c l o s e d  c h a i n  l a i d  
t h e  f o u n d a t i o n  o f  p r a c t i c a l l y  a l l  a r o m a t i c  c h e m i s t r y ,  
Hoivcvcr,  t h e  f o r m u l a t i o n  ( l a ,  I b )  o f  b e n z en e  a s  a 
c l o s e d  c h a i n  compound w i t h  ea ch  c a rb o n  atom h o l d i n g  one 
h y d r o g e n ,  and h a v i n g  one d o u b le  end one s i n g l e  bond 
a t t a c h m e n t  t o  i t s  n e i g h b o u r s  a s  n o t  s a t i s f a c t o r y  a s  a 
s u b s t a n c e  w i t h  such a s t r u c t u r e  m igh t  be e x p e c t e d  t o  
show e x t re m e  u n s a t u r a t i o n .
, , f
l a  Ib
- 3 -
V a r i o u s  s u g g e s t i o n s  have  been ad v a n ce d  t o  e x p l a i n  
the a c t u a l  s t a t e  o f  a f f a i r s  i n  b e n z e n e ,  b u t  a l l  o f  them 
have b e e n  shown t o  have s h o r tc o m in g s *  Kekulo imagined  
o s c i l l a t i o n  o r  t a u to rn e r i sm  between  the  two fo rm s ,  and 
t h i s  accounted  f o r  t h e  a b s e n c e  o f  i s o m e r i c  o r t h o d i s u b s t i t u t e d  
benzene d e r i v a t i v e s *  E i s  r e p r é s e n t a t i o n  comes c l o s e  t o  
t h a t  g iv e n  by the  Theory of  Resonance* Modern views were  
p e r h a p s  more c l o s e l y  fo re sh ad o w ed  hy T h i e l e * s  p a r t i a l  
v a le n c y  f o r m u l a ,  Ic* The c e n t r i c  f o r m u l a ,  I d ,  a l s o  h e lp e d  
to  i l l u s t r a t e  the e q u i v a l e n c e  o f  t h e  s i x  c a rb o n  atom s,
Io  Id
X-ray a n a l y s i s  shows th a t  the s i x  c a rb o n  atoms i n  
benzene  a r e  i n  a p l a n e ,  e q u i d i s t a n t ly  sp a c e d  a t  1*39  A 
a p a r t ,  b e tw e en  t h e  no rm al  1 .5 4  A s i n g l e  bond and 1 .3 4  A 
d o u b le  bond d i s t a n c e s *
One o f  th e  t h e o r i e s  which have  a t t e m p t e d  to  combine 
t h e s e  f e a t u r e s  i s  t h a t  of  Resonance*  I t  p r o v i d e s  th a t  
th e  n u c l e i  of  the  a to m s  c o n c e rn e d  s h a l l  r e m a in  f i x e d  and 
th e  e l e c t r o n s  "move" b e tw een  s e t  f o r m a l  s t r u c t u r e s  ( o r  
c a n o n i c a l  fo rm s )  w hich  a r c  a l l  o f  t h e  same m ag n i tu d e  
e n e r g e t i c a l l y ,  and a t  t h e  same t i m e  g iv e  r i s e  to  a m o le c u l e  
e n e r g e t i c a l l y  s t a b i l i s e d  w i th  r e s p e c t  to  any o f  them*
T h is  e x t r a  e n e rg y  i s  d e s c r i b e d  as  t h e  r e s o n a n c e  en e rg y *
.4 .
I n  th e  ca se  o f  b en z en e  t h i s  d i f f e r e n c e ,  c a l c u l a t e d  from 
th e  h e a t s  o f  h y d r o g e n a t i o n  and t h e  s t r e n g t h  o f  t h r e e  
C-G d o u b le  b o n d s ,  i s  a p p r o x i m a t e l y  39 K g .c a l s / r n o l e  •
Open c h a i n  c o n j u g a t e d  d i e n e s  and p o l y e n e s  a l s o  show 
a m o d i f i c a t i o n  o f  d o u b le  bond c h a r a c t e r  a s  compared w i t h  
e t h y l e n e  and th e  r e s o n a n c e  e n e rg y  o f  such  a c o n j u g a t e d  
d i e n e  i s  e s t i m a t e d  a t  3 Kg *c a l s / m o l o . The e f f e c t  o f  
t h i s  c o n j u g a t i o n  i s  i l l u s t r a t e d  by th e  1 : 4  a d d i t i o n  o f  
b rom ine  t o  1 :3  b u t a d i e n e .  Benzene r e p r e s e n t s  an e x t re m e  
ca se  o f  a c o n j u g a t e d  p o l y e n e ,  a s  t h e  a l t e r n a t e  a r r a n g e m e n t  
o f  t h e  d o u b le  bonds i n  t h e  r i n g  a l l o w s  f o r  c o n t i n u a l  o r  
p r o g r e s s i v e  i n t e r a c t i o n  o f  th e  double  b o nds  round t h e  r i n g .  
The d i s t i n c t i o n  b e tw e e n  t h e  te rm s  " c o n j u g a t e d "  and 
" a l t e r n a t e "  a s  a p p l i e d  t o  d o u b le  and s i n g l e  bond sy s tem s  
sh o u ld  be n o t e d . C o n j u g a t i o n  i n v o l v e s  i n t e r a c t i o n ,  or  
r e s o n a n c e ,  b e tw e e n  th e  B - e l e c t r o n s , b u t  i n  some c a s e s  
s t e r i c  f a c t o r s  p r e v e n t  r e s o n a n c e  i n t e r a c t i o n  i n  a sy s tem  o f  
a l t e r n a t e  d o u b le  and s i n g l e  b o n d s .
I f  t h e  o n ly  p r e r e q u i s i t e  f o r  a r o m a t i c i t y  were such  
a c l o s e d  c y c l i c  a r r a n g e m e n t  o f  d o u b le  and s i n g l e  b o n d s ,  
e y e 1 ob u ta d io n o  and c y c l o o c t a t e t r a e n e  would bo e x p e c t e d  
t o  e x h i b i t  a r o m a t i c  p r o p e r t i e s ,
C y c lo b u t a d i e n e  ( l l )  h a s  as  y e t  r e s i s t e d  a l l  a t t e m p t s  
a t  i t s  p r e p a r a t i o n .  T h i s  does  n o t  n e c e s s a r i l y  mean, t h a t  
i t  i s  to o  u n s t a b l e  t o  e x i s t ,  b u t  one m ig h t  e x p e c t  t h a t  a 
m o le c u l e  s t a b i l i s e d  by a r o m a t i c  r e s o n a n c e  would be formed
i f  a s u i t a b l e  r e a c t i o n  I'vere a p p l i e d  t o  an  i n t e r m e d i a t e  
h a v i n g  th e  c o r r e c t  s k e l e to n *  N e v e r t h e l e s s  t r e a t m e n t  o f  
1 :2  d ib rom ocy c l o b t i t a n e  ( I I I )  w i th  p o t a s s i n m  h y d r o x id e  ( 2)  ^
and t h e r m a l  d e c o m p o s i t i o n  ( 3 ) o f  t h e  b i s e n a t e r n a r y  ammonium 
h ydrox ide  (IV) y i e l d e d  no c y c l o b n t a d i e n e *
fM O H
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The d ib o n z o  d e r i v a t i v e  d ip h e n y le n o  h a s  been  p r e p a r e d  
by L o th ro p  (4 )  by d i s t i l l a t i o n  o f  2 : 2 * -d ib ro m o -  or 
2:2* "^diiodo-diphenyl w i t h  c n p ro n s  o x id e   ^ and  by W i t t i g  and 
Herwig  ( 3 ) by h e a t i n g  d ip h e n y I e n e  m e rc u ry  w i t h  s i l v e r  
powder* D ip h e n y le n e  i s  a s t a b l e  y e l l o w  s o l i d  m$p# l l O ^ C , 
and p o s s i b l e  c a n o n i c a l  fo rm s  f o r  i t  a r e  Va-e#
Va Vb
■ i l  J
Vc
Vd Ve
The f i r s t  two show a c y c l o b n t a d i o n e  s y s t e m , b u t  o n ly  th e  
second one i s  a r e a l  c y c l o b u t a d i o n o , the  o t h e r s  b e i n g  
m erely  b en z en e  r i n g s  l in k e d  i n  th e  ortho  p o s i t i o n s *  The 
c o m p le x i ty  o f  t h e  u l t r a v i o l e t  spectrum i n d i c a t e s  t h a t  t h e r e
"5""-
i s  so m e th in g  more t h a n  two l i n k e d  b e n z en e  r i n g s  p r e s e n t ^  so 
t h a t  the  fon r-m cm bered  r i n g  may be t o  some e x t e n t  
c y c lo b u t a d e  n o i  d ,
The monobenzo d e r i v a t i v e  o f  c y c l o b n ta n e  (V I ) ( 6 ) ,  and 
i t s  d ibromo d e r i v a t i v e  (VII.) ( 6 , 7 )  a r e  known# T r e a tm e n t  
o f  t h e  dibromo compound w i th  z i n c  i n  e t h a n o l  gave a d ih y d r o  
d e r i v a t i v e  o f  1 : 2 - ^ b e n z o d i p h c n y l e n e  ( V I I l ) ,  p o s s i b l y  by 
i n t e r m e d i a t e  f o r m a t i o n  o f  b e n z o c y c l o b u t a d i e n e  fo l lo w e d  by 
d i m é r i s a t i o n  ( ? ) @
V J  ^  ' y J —
VI VII V III
y
More r e c e n t l y  C r i o g r e e  and L o u i s  ( 8 ) have  r e p o r t e d  th e  
p r e p a r a t i o n  o f  t h e  d im er  of t o t r a m e t h v l c y c l o b u t a d i e n e ,
which th e y  f o r m u l a t e d  a s  IX
C  H :w—: ^ I I
IX
T h is  was fo rm ed  a s  a h ig h  m e l t i n g  c r y s t a l l i n e  s o l i d  i n  an  
a t t e m p t  t o  make t e  t r a m e t h y l c y c l o b u t a d i e n e  from t h e  d i c h l o r o  
d e r i v a t i v e  o f  to  trame t & c y c l o butone 9 by sh a k in g  i t  w i th  
l i t h i u m  amalgam i n  e t h e r #
•7-
A lth o u g h  t h e  c e n t r a l  r i n g  i n  d ip h o n y lo n e  i s  h i g h l y  
s t r a i n e d ,  i t  docs  n o t  r e a d i l y  r e a c t  by a d d i t i o n  t o  g ive  
d ip h e n y l  d e r i v a t i v e s  but can b e  h y d r o g e n a te d  i n  t h e  
p r e s e n c e  of Raney n i c k e l  to  g iv e  d i p h e n y l .
I n  c o n t r a s t  t o  c y c l o b u t a d i e n e , c y c l o o c t a t e t r a e n er  I -#1 niFrwawiri i^wiirfffTÉ
h a s  b e e n  known s in c e  1 9 I I  when i t  was p r e p a r e d  by 
W i l l s t â t t e r  ( 9 )?  by a method c o n s i s t i n g  e s s e n t i a l l y  
o f  s u c c e s s i v e  Hofmann e x h a u s t i v e  m é t h y l a t i o n s  on 
p s e u d o p e l i e t i e r i n e . A l th o u g h  s u g g e s t i o n s  were made 
t h a t  W i l l s t â t t e r ^ s p r o d u c t  was n o t  c y c l o o c t a t e t r a e n e  
but s t y r e n e ,  th e  w ork  ,was confirmed i n  1947 by Cope 
and O v o rb c rg e r  ( l O ) ,  and dur ing  t h e  Second World War,
Reppe ( 1 1 ) p r e p a r e d  i t  on a l a r g o  s c a l e  by c a t a l y t i c  
p p L y n n . r i sa t io n  o f  a c e t y l e n e .  I t  i s  an  u n s t a b l e  
y e l lo w  l i q u i d ,  which u n d e r g o e s  a d d i t i o n  r e a c t i o n s ;  i n  
some c a s e s  t r a n s a n n u l a r  r e a r r a n g e m e n t  l e a d s  t o  b i c y c l i c  
p r o d u c t s . I t  c a n n o t  t h e r e f o r e  be c o n s i d e r e d  to  be 
a r o m a t ic ,  and i t  h a s  a v e r y  low r e s o n a n c e  e n e r g y .
T h i s  l a c k  of  a r o m a t i c i t y  i n  f o u r -  and eight-memberod  
r in g s  i n d i c a t e s  t h a t  f a c t o r s  o th e r  th a n  c y c l i c  c o n ju g a t io n  
m ust  be o f  im p o r ta n ce . Many o r g a n i c  s y s t e m s  other  t h a n
b enzene  show a r o m a t i c  p r o p e r t i e s  to  a g r e a t e r  or l e s s e r
d e g re e  5 common exam ples  b e i n g  th e  h e t e r o c y c l e s  f u r a n ,  
pyrrole and p y r i d i n e . Bam berger  (12)  a s s o c i a t e d  t h i s
s o r t  o f  b e h a v i o u r  w i th  s i x  " r e s i d u a l "  v a l e n c i e s ,  and
—8—
l a t e r  Arm It  and R o b in so n  (1 3 )?  i n  t h o i r  s t u d y  o f  
anhydronlum  b a s e s ,  r e c o g n i s e d  th e  im p o r ta n c e  o f  th e  a r o m a t i c  
s e x t e t  o f ' V - e l e c t r o n s , a l t h o u g h  th e y  d id  n o t  th e n  r e f e r  to  
t h 0m by t h i s  name .
F;. H ücke l  ( 14) u s i n g  r e s o n a n c e  and m o l e c u l a r  o r b i t a l  
t h e o r y ,  p u t  t h e  m a t t e r  on a more g e n e r a l  b a s i s  by  
p o s t u l a t i n g  t h a t  a r o m a t i c i t "  would bo p o s s i b l e  i n  a c y c l i c
p o l y o l o f i n  c o n t a i n i n g  (4n+2)  - e l e c t r o n s  where n = 0 , 1 , 2 , - ------
The s i g n i f i c a n c e  o f  t h e  s e x t e t  o f  A - e l e c t r o n s  i n  benzene  
was j u s t i f i e d  i n  an  a p p r o x im a te  e v a l u a t i o n  o f  th e  r e s o n a n c e  
e n e rg y  o f  benzene*  The t r e a t m e n t  i s  d e s c r i b e d  i n  C h a p te r  
11*2 .
I n  th e  same way t h a t  o l e f i n i c  bonds  may be r e p r e s e n t e d  
a s  h a v i n g  an o l e c t r o n - c l o u d  above and be  lev/ th e  b o n d s ,  so 
i n  b e n z e n e  th e  - e l e c t r o n s  a r c  v i s u a l i s e d  a s  h a v in g  h ig h  
d e n s i t y  i n  space  above and below  th e  p l a n e  and round  th e  
p e r i p h e r y  o f  t h e  r i n g , and none i n  th e  p l a n e  o f  t h e  r i n g *
The t r i g o n a l l y  h y b r i d i s e d  bonds i n  an o l e f i n e  l i e  i n  
a p l a n e  a t  120° to  each  o t h e r  so t h a t  i n  b enzene  t h e r e  i s  
no a n g u l a r  s t r a i n *  I n  th e  f i v e  and s e v e n  membered r i n g s  
th e  s t r a i n  i s  s m a l l ,  b u t  i n  some o f  t h e  h i g h e r  r i n g s  i t  c a n  
have  a marked e f f e c t .  Two c o n f l i c t i n g  i n f l u e n c e s  t h u s  come 
t o  b e a r  -  th e  t e n d e n c y  f o r  a r i n g  to  become b u c k l e d  to  
l e s s e n  a n g u l a r  s t r a i n  and th e  t e n d e n c y  to  form a p l a n a r
r i n g  t o  a l l o w  the p o s s i b i l i t y  o f  r e s o n a n c e ,  and c o n s e q u e n t  
s t a b i l i s a t i o n #  A n o th e r  f a c t o r  m i t i g a t i n g  a g a i n s t  t h e  
f o r m a t i o n  o f  a p l a n a r  r i n g  comes w i t h  t h e  s t e r i c  i n t e r ­
f e r e n c e  of  t h e  * c e n t r a l ^  h y d ro g en  citorae i n  l a r g e r  r i n g s ,  
which can  e a s e  t h e i r  s t r a i n  by fo rm i n g ,  f o r  e x a m p le ,  crown 
o r  s t a r  shaped  m o le c u l e s #  ho a r o m a t i c  r i n g  w i th  more t h a n  
s e v en  c a rb o n  atoms h a s  y e t  been  p r e p a r e d ,  and i t  h a s  b e e n  
p r e d i c t e d  by i i s lo w  ( I p ) , from s c a l e  d r a w i n g s ,  t h a t  t h e  
s m a l l e s t  r i n g  l i k e l y  t o  be c o n j u g a t e d  i s  f o r  which
a r e s o n a n c e  energy  o f  II4.O Kg. c a l s / mole h a s  boon c a l c u l a t e d *
The c r i t e r i a  fo r  a r o m a t i c i t y  th u s  emerge a s : -
( a )  The p o s s e s s i o n  o f  th e  c o r r e c t  number o f  T T -o le c t ro n s
( i . e .  s i x  i n  th e  s im p le  c a s e )#
(b )  The m o le c u l e  must  be p l a n a r #
( c )  The bond a n g l e s  m ust  n o t  be v e r y  h i g h l y  s t r a i n e d #  
C yc lob u t a d i e n e  and c y c l o o c t a t e t r a o n o  do n o t  comply
w i t h  t h e  f i r s t  r e q u i r e m e n t ,  which c o u ld  e x p l a i n  th e  a b s e n c e  
of  a r o m a t i c  c h a r a c t e r .
A l s o ,  i n  c y c l o o c t a t e t r a e n e  the  m o le c u le  may assume 
th e  t u b - s h a p e d  f o rm , X, i n  o r d e r  to  l e s s o n  a n g u l a r  s t r a i n #  
T h i s  a l lo w s  ea c h  o f  t h e  f o u r  d e f i n e  g ro u p s  t o  t a k e  up 
th e  a r r a n g e m e n t  as i n  e t h y l e n e , w i th  a l l  i t s  bonds  i n  a 
p l a n e ,  and a t  120'" t o  ea ch  o t h e r # T h is  g i v e s  a n  a l t e r n a t e
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doub le  and s i n g l e  bond s y s te m  i n  which r e s o n a n c e  i n t e r a c t i o n  
o f  the"H - e l e c t r o n s  i s  s t e r i c a l l y  i n h i b i t e d *Crr>
X
R o b e r t s  and Srautny (84 )  have  shown t h r t  e x c e s s i v e  
r i n g  s t r a i n  i s  n o t  th e  r e a s o n  f o r  t h e  n o n - e x i s t e n c e  o f  
c y c l o b u t a d i e n e , by p r e p a r i n g  p h e n y l c y c l o b u t a d i e n e g u i n o n e , XI 
which would be e x p e c t e d  to  have  a r i n g  s t r a i n  co m p arab le  
w i th  tha t ,  i n  c y c l o b u ta d  i e n e  * L o n g u c t - H ig g in s  ( l 6 )  h a s  
p o i n t e d  o u t  t h a t  i n  c y c l o b u ta d  i e n e  t h e r e  would b e  o n l y  
two e l e c t r o n s  i n  t h e  d o u b ly  d e g e n e r a t e  o r b i t a l  n e x t  above 
t h e  ground s t a t e ,  g i v i n g  an  open s h e l l  s t r u c t u r e .
XI
To i l l u s t r a t e  t h e  v a r i e t y  o f  p o s s i b l e  a r o m a t i c  r i n g  
s y s t e m s ,  B aker  (3 2 )  h a s  p o i n t e d  o u t  t h a t  th e  -CH== g r o u p i n g s  
i n  b e n z e n e  may be r e p l a c e d  by o t h e r  s p e c i f i e d  g ro u p s  w i t h  
r e t e n t i o n  of  t h e  a r o m a t i c  s e x t e t .  These  g ro u p s  may be 
c l a s s i f i e d  a s  f o l l o w s  : -  
To r e p l a c e  one -CH- g r o u p in g
1 p y r i d i n e  1 - 6 -  (p>yrylium s a l t s )
1 =GH-GH- ( c y c lo h e p t a t r i e n y l i u m  s a l t s ,  t r o p o n e )
- 1 1 -
To r e p l a c e  2 -011= g r o u p i n g s : -  
1 -C -  ( c y c l o p entL iQienyl)
1 -RH-  ( p y r r o l e )
1 - 8 -  ( t h  i  ophe n )
I n  p a r t i c u l a r  i t  w i l l  be soon t h a t  th e  f i v e -  and 
s e v e n -  membered c a r b o c y c l e s  f u l f i l  th e  c o n d i t i o n s ,  when 
a s s o c i a t e d  r e s p e c t i v e l y  w i t h  n e g a t i v e  and p o s i t i v e  c h a r g e s .
The a p p l i c a t i o n  o f  t h e  s e x t e t  r u l e  t o  p o l y c y c l i c  
sy s tem s  i s  l e s s  s t r a i g h t f o r w a r d ,  as the  i n d i v i d u a l  r i n g s  
can  o n ly  have  a s h a r e  i n  a s e x t e t .  Thus i n  t h e  ca se  o f  
n a p h t h a l e n e  wo may e x p r e s s  t h e  e l e c t r o n i c  a r r a n g e m e n t  a s  
X l l a ,  which i s  r a t h e r  u n r e a l i s t i c  i n  i g n o r i n g  th e  m id d le  
C-C b o n d ,  o r  a s  X l l b ,  which  goes  some way to  i n t e r p r e t i n g  
i t s  c h e m ic a l  r e a c t i v i t y ,  and i t s  h y d r o g e n a t i o n  t o  form a 
t e t r a h y d r o  compound*
X II  a X II  b
Some o f  th e  f i r s t  known n o n -b e n z o n o id  a r o m a t i c  
compounds wore th e  a z u l e n e s ,  b u t  o n ly  more r e c e n t l y  h a s  
th e  f u l l  bac k g ro u n d  o f  t h e i r  b e h a v i o u r  been  r e a l i s e d  a s
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b o t t e r  p r e p a r a t i v e  m e th o d s  have  b een  d e v i s e d ,  and the  
compounds have  th u s  become more e a s i l y  a v a i l a b l e  f o r  
d e t a i l e d  s t u d y .
A z u lo n e ,  which i s  i s o m e r i c  w i th  n a p h t h a l e n e ,  can  be 
g iv e n  the  K eku le  s t r u c t u r e s  X l l l a  and X l l l b .
V : < - /
X I I I  a X I I I  b
I t  h a s  a d i p o l e  moment which i s  a t t r i b u t e d  to  th e  t e n d e n c y  
o f  a K - e l e c t r o n  to  m i g r a t e  f rom t h e  s e v e n - t o  t h e  f iv e -m e m b e re d  
r i n g ,  t o  g iv e  s t r u c t u r e  XIV. T h is  s t r u c t u r e ,  i n  which  ea ch  
o f  th e  r i n g s  may be c o n s i d e r e d  to  have an  a r o m a t i c  s e x t e t  o f  
e l e c t r o n s  i s  c l o s e l y  co m p ara b le  w i t h  t h a t  o f  n a p h t h a l e n e .
XIV
S t a f f o r d  and Reid  ( 1 7 ) c o n s i d e r e d  a z u l o n e  t o  be a 
r e s o n a n c e  h y b r i d  of  th e  two K eku le  s t r u c t u r e s ,  b o th  o f  
which have  a c o m p l e t e l y  c o n j u g a t e d  p e r i p h e r a l  s y s t e m ,  and 
o f  XVa and XVb.
XVa XVb
- 1 3 -
Anderson^ A o lson  ana Tazuma (18)  have  shovm t h a t  
s u b s t i t u t i o n  d o cs  t a k e  p l a c e  i n  th e  1 -  p o s i t i o n ;  t h e  
f o r m a t i o n  of an  azu lv n iu m  s a l t  (8 2 )  and a l k a l i  m e t a l  
s a l t s  ( 8 3 ) may a l s o  bo n o t e d .  The e x i s t e n c e  of a 
n e g a t i v e  c h r r g o  on th e  f iv e -m em b ered  r i n g  i s  a l s o  
s u p p o r t e d  by th e  v/ork o f  G a l lo w ay ,  S t a f f o r d  and Re id  ( 1 9 ) 
who c a r r i e d  o u t  u n c a t a l y s c .d  F r i o d e l  C r a f t s ^  r e a c t i o n s  
w i th  a z u l o n e , s u b s t i t u t i o n  a g a i n  b e i n g  i n  th e  1 -  p o s i t i o n *
In  1 9 U5 Dewar (20)  made t h e  f i r s t  p o s t u l a t i o n  of an 
aroma t i c  se v en  membered c a r b o c y c l e  t o  e x p l a i n  th e  f o r m u l a  
f o r  s t i p i t a t i c  a c i d ,  a compound which h i t h e r t o  had p ro v ed  
i m p o s s i b l e  t o  f o r m u l a t e *  Ho s u g g e s t e d  th e  now f a m i l i a r  
t r o p o l o n e  s t r u c t u r e  XVI*
oHHO
C ^0/4
XVI
T h is  f o r m u l a t i o n  s t i m u l a t e d  work on th e  t r o p o l o n e s , 
a l t h o u g h  th e  e s s e n t i a l  n a t u r e  o f  th v  s y s t e m ,  i . e .  a 
p o s i t i v e l y  ch a rg ed  seven-mombered r i n g  h a v in g  a s s o c i a t e d  
w i th  i t  an a r c m " t i c  s e x t e t  o f  n - e l e c t r o n s ,  was n o t  f u l l y  
r e a l i s e d  u n t i l  a f t e r  t r o p o n e ( X V I I I a  and X V IIIb)  had b ee n  
d i s c o v e r e d .
-lip
Tho p a r e n t  compound, t r o p o l o n e ,  h a s  b e e n  t h o r o u g h l y
I n v e s t i g a t e d  by p h y s i c a l  m e th o d s ,  which i n d i c a t e  t h a t  th e
C-G do u b le  bonds and th e  c a r b o n y l  g roup  a r e  c o n j u g a t e d  and
t h a t  t h e r e  i s  i n t r a - m o l e c u l a r  h y d ro g en  b o n d in g  be tw een  th e
c a r b o n y l  and h y d r o x y l  g r o u p s . The s k e l e t o n  i s  p l a n a r ,
w i th  a l l  th e  c a rb o n  atoms 1#39A a p a r t , th e  d i p o l e  moment
i s  3*?1D and th e  r e s o n a n c e  e n e rg y  a b o u t  3 6  K g * c a l s / m o l o .
The a c t u a l  s t r u c t u r e  i s  a  r e s o n a n c e  h y b r i d  which may
rob a b l y  b e s t  be w r i t t e n  a s  XVII... Tho t r o p o l o n e s  e x i s t
i n  v a r i o u s  n a t u r a l  p r o d u c t s ,  i n c l u d i n g  t h p j a p l i c i n s ,
c o l c h i c i n e  and p u r p u r o a a l l i n , _O HJ
a
XVII
Tropone may be r e p r e s e n t e d  a s  a r e s o n a n c e  h y b r i d  o f  
X V II Ia  and X V II Ib .
ji V o  k + p o
XVIII  a XVIII  b
The d i p o l a r  s t r u c t u r e  i s  s u p p o r t e d  by t h e  r e d u c t i o n  of  
c a r b o n y l  p r o p e r t i e s ,  ( an  i n s t a n c e  i s  th e  n o n - f o r m a t i o n  o f  
p h e n y l h y d r a z o n o s ) , a s h i f t  i n  th e  i n f r a  rod  s p e c t r u m ,  and 
t h e  h i g h  d i p o l e  moment (lj..3D) . Tropone a l s o  g i v e s  
s u b s t i t u t i o n  p r o d u c t s  which f u r t h e r  s u p p o r t s  an  a r o m a t i c
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s t r u c t u r e  such a s  X V II Ib ,  w h ich  i s  c o n s e q u e n t  on tho  
p o l a r i s a t i o n  o f  t h e  c a r b o n y l  g ro u p .  I t  can ,  ho w eve r ,  be 
r e a c t e d  to g i v e  an oximo and a s e m ic a r b a z id o  u n d e r  v i g o r o u s  
c o n d i t i o n s ,  showing t h a t  t h e r e  i s  a c o n t r i b u t i o n  from th e  
s t r u e t u r e  XT/IIla*
i(.: 5 - b e n z o t r o p o n e  shows more or l e s s  t h e  same a r o m a t i c i t y  
as tropone i t s e l f ,  but 2 : 3 - 4 : D- and 2 s3 - 6 : 7 - d i b e n z o t r o p o n e s  
(XIX and XX r e s p e c t i v e l y )  show l i t t l e  a r o m a t i c i t y  i n  t h e  
s e v e n  membered r in g ; ,  the  re  l e v a n t  i t  - e l e c t r o n s  b e i n g  
a p p a r e n t l y  m o n o p o l i s e d  by the  f l a n k i n g  benzene  r i n g s *
03SC5A
XIX
The e x o c y c l i c  n e g a t i v e  c h a rg e  m ig h t  be a s s o c i a t e d  w i th  
an  i o n ,  r a th e r  t h a n  an  atom l i n k e d  to  th e  r i n g  by a p o l a r  
bond0 A s a l t  o f  t h i s  t y p e  had  i n  f a c t  been  p r e p a r e d  by 
11er l i n g  ( 2 l )  i n  1891 ,  b u t  i t s  s t r u c t u r e  was n o t  r e a l i s e d  a t  
t h a t  t im e c  D o e r in g  and Knox (22 )  r e p e a t e d  Hurling* s w ork ,  
and by t h e r m a l  e l i m i n a t i o n  o f  h y d ro g en  bromide from th e  
b n o m in a t io n  product  o f  c y c l o h e p ta t r iu n e  p r e p a r e d  tropyllum  
b ro m id e ,  XXI*
I  '  ' \
- 16'
S i m i l a r l y  a r o m a t i c  s t a b i l i s a t i o n  of  a n e g a t i v e l y  
c h a rg e d  l i v e  membered r i n g  can be a c h i e v e d  i n  i o n i c  
and d i p o l a r  compounds such a s  XXII and XXIII* S in c e  
t h i s  p r o v i d e d  t h e  theme o f  t h e  m a in  work o f  t h i s  t h e s i s  
such compounds a r e  d i s c u s s e d  s e p a r a t e l y  i n  C h a p te r  I I *3
XXII XXIII
■17'
91 1*2 .  A s im p le  M o l e c u l a r  O r b i t a l  T re a tm e n t  o f  Bonzone 
and r e l a t e d  m o l e c u l e s •
I n  b en z en e  tho f o u r  v a l e n c y  e l e c t r o n s  o f  ca rb o n  
u n d e rg o  t r i g o n a l  h y b r i d i s a t i o n *  T h is  l o a d s  to  t h r e e  
e q u i v a l e n t  o r b i t a l s  i n  one p i a n o ,  d i r e c t e d  a t  120° t o  
one a n o t h e r  0 The f o u r t h  e l e c t r o n  o c c u p i e s  an  o r b i t a l  
a t  r i g h t  a n g l e s  t o  t h i s  p l a n e ,  i n  th e  form o f  two l o b e s  
one above and one below  th e  p l a n e  of  t h e  o t h e r .  T h re e  
sigma b o n d s  a r c  formed by o v e r l a p  o f  th e  p l a n a r  o r b i t a l s  
w i th  an o r b i t a l  from a h y d ro g e n  atom and c o r r e s p o n d i n g  
o r b i t a l s  from two n o i g h b o u r i n g  c a rb o n  a t o m s .  These 
sigma bonds  form th e  s k e l e t o n  o f  th e  m o l e c u l e , and we 
a r e  l e f t  w i th  s i x " K - e l e c t r o n s , each  w i t h  an a to m ic  
o r b i t a l  o f  th e  shape  : -
 -------  p l a n e  o f  th e  r i n g .
S i x  m o l e c u l a r  o r b i t a l s  may be c o n s t r u c t e d  by l i n e a r  
c o m b in a t io n  o f  t h e s e  a to m ic  o r b i t a l s .  I t  i s  by 
c o n s i d e r a t i o n  o f  the  e n e r g i e s  o f  t h e s e  m o l e c u l a r  o r b i t a l s  
t h a t  H h c k o l ’ s c o n c l u s i o n s  were  e v o lv e d  ( 1 4 ) .
I n  t h e  S c h r b d i n g c r  e q u a t i o n : -
) I Y '  -  L y /
b
'Yr and E i s  th e  H a m i l t o n i a n  o p e r a t o r  
i n v o l v i n g  o n ly  one o f  th e  n “ e l e c t r o n s , T h i s  c a n n o t  be 
e x p r e s s e d  e i m p l i c i t l y  w i t h o u t  a knowledge o f  t h e  wave
'18 .
f u n c t i o n s  o f  a l l  tho  o t h e r  e l e c t r o n s , and th e  i m p o r t a n t  
q u a n t i t i e s  a r c  e s t i m a t e d  from e x p e r i m e n t a l  f i n d i n g s  f o r  
one m o l e c u l e .
H r i t i n g  o u t  more f u l l y ,  we have :
n-i Nt.%M33
44(>fc
F
from which we o b t a i n  s i x  e q u a t i o n s  o f  t h e  form
v-b ~ t  c,
( H r ' P  - - - =  Oc,t, ’-' i i  t  Î - U ' =  ' D e-lc
I f  we d i s c o u n t  th e  t r i v i a l  s o l u t i o n
<T. ^  V7 ~ '-f a. C ”■ O
d i v i d i n g  through by one o f  c  ^ s t h e s e  g iv e  s i x  e q u a t i o n s  
f o r  f i v e  unknow ns,  and the  c o n d i t i o n s  f o r  c o n s i s t e n c y  o f  
t h o s e  e q u a t i o n s  may be e x p r e s s e d  b y : -
%
E
^ 3 . M , ju- m
H f  4.
’■’d r
I 4 0
■19*
I f  wc n o g L .c t  o v e r l a p  o f  a d j a c e n t  o r b i t a l s ,  Hr r
becomes th e  e n e r g y  o f  one - e l e c t r o n  i f  r e s t r a i n e d  to  
s t a y  on t h e  r  th  n u c l e u s ,  w i t h  wave f u n c t i o n  , and
r s i s  th e  r e s o n a n c e  i n t e g r a l  which i s  u s u a l l y  w r i t t e n
yg I f  wo f u r t h e r  n e g l e c t  a l l y g  e x c e p t  be tw een
n e i g h b o u r s ,  and g iv e  a l l  tlr. n o n - v a n i s h i n g  i n t e g r a l s  
th e  same v a l u e  we c a n  i g n o r e  a l l  th e  e l e m e n t s  i n  th e  
d e t e r m i n a n t  o x c o p t  th o  l o a d i n g  d i a g o n a l  an d  o f f - d i a g o n a l  
e l e m e n t s  and th o  o l a m e n t s  i n  t h e  o p p o s i t e  c o r n e r s . The 
te rm s  a r e  a l s o  n o r m a l l y  t a k e n  to  be e q u a l  w i th  t h e
v a l u e  E , so  t h r t  o u r  c o n d i t i o n  f o r  c o n s i s t e n c y  becomes
v a n i s h i n g 01 th e c i r c u l a n t : -
e <o
f t c -
- e f t
f t f t
Û -  -  f t  „
/
o
2 0 '
R U th o r fo rd  r .1 cv iEved
c i r c u l a n t s ,  so t h a t : -
P.od o f  X e tc  r i : s ne 11
i »
,î
X i 
I X  1
X *
X, <
4 X
o
can he w r i t t e n  a s  t h e  p r o d u c t
n
A  (x-FgCOS^- ) %: Oj k:^l
or  ( x t r c o s " | )  ( x + . : o o s ^ )" (x i-2cosn)  (x+2cos^|- ') ( x t - S c o s ^ )
(x -^ 2 c o g 2 k ) = 0 .
i . e .  (x4^1 )''■'{x ~ l  a ) (x + 2 ) -  0
"i v i n g  s ix  ro  o t  s .
I n  o u r  OP so ,  to  o b t a i n  t h e  cor .rec b fo rm  o f  t h eEd é t e r m i n a n t  e p u t  x —— -  , d i v i d  in -  each  e l e m e n t  o f  t h eA
o r i g i n a l  b y / ? .  The v a l u e s  me o b t a i n  f o r  E a r e  t h u s  : -  
Eq-^Â ( t a ' i c o )  *'■/ i  {t a n c c  ) E^-2y9 ,
f3 jus nogntiVG so t h a t  c hav e  t h r e e  o r e  i t '-  I s ,  g i v e n  by
;e E(E i . e .  b ond ing  o rb?  t@ls.  The
'21'
o t h e r  t h r o e  c ro  a n t i b o n d i n g ,
Tho o r b i t a l s  ea ch  h o l d  two e l e c t r o n s  w i th  o p p o s in g  
s p i n s  and tho  h ig h  r e s o n a n c e  s t a b i l i t y  o f  b enzene  i s  
a s s o c i a t e d  w i th  i t s  p o s s e s s i o n  o f  s i x  e l e c t r o n s  which 
w i l l  e x a c t l y  f i l l  th o s e  b o n d in g  o r b i t a l s .
The approximate v a l u e  o f  t h e  e n e rg y  of t h e  - e l e c t r o n s  
f rom t h i s  trea tm en t  i s  2(E^+2^‘) + 4(E +/)) = ôE^+S/S* The 
l o c a l i s a t i o n  of e a c h  A - e l e c t r o n  i n  the  r e g i o n  o f  b o n d s  i n  
a c c o r d a n c e  w i th  a Kekule  s t r u c t u r e  would g iv e  a t o t a l  
energy  of  6 ( E ^ 4 ^ ) ,  The d i f f e r e n c e  be tw een  t h e s e  two 
energy  v a l u e s  i s  2/8, which i s  th e  d é l o c a l i s a t i o n  e n e r g y .
A v a l u e  o f  2Q K g . c a l s / m o l e  h a s  been  c a l c u l a t e d  f o r / 3 ,  
and th e  r e s o n a n c e  energy  t h u s  a r r i v e d  a t  a g r e e s  q u i t e  w e l l  
w i th  the  f i g u r e s  o b t a i n e d  from e x p e r i m e n t ,  and t h e  v a l e n c e  
bond treatment#
C l e a r l y  we may e x t e n d  the  t r e a t m e n t  to  a system  o f  
n n u c l e i ,  ao d the  c r i t e r i o n  d e term in in g  w hethe r  a g iv e n
o r b i t a l  i s  bo n d in g  or n o t  i s  whcthv,.r t h e  te rm  2cos2 n
i n  th e  f a c t o r  x 4- 2 c u s 2Kk i s  p o s i t i v e  or n o t#nCos b i s  4"VO and n o n - z e r o  when6 i s /  "K o r  U L ?  BO2 2
t h a t  we g o t  a b o n d in g  o r b i t a l  when: -
2îik / H o r  )  3 n 2 ^ 2
o r  k /  1 o r\
'2 2 '
1How l o t  n=4m+l, where m=0, 1 , 2 , 3 , —---------- •
Then k /4m +l o r  n 3 (4m +l)  •\  4 /  4
i . e .  k/m+4 or  3 3m+%
i . e .  k  may t a k e  th e  v a l u e s  ra, m -1 ,  ---------3 ? 2 ,1 #
or 3m+l,  3 m + 2 , ------ ----- 4m +l.
T h c re f j r v .  the  number c f  po ss ib le -  v a l u e s  o f  k I s ;  -
m+(m4-l) = 2m4-l,
when n h a s  tho  v a l u e s  1 , 5 , 9 - -----------•
S i m i l a r l y ,  i f  we e x p r e s s  n s u c c e s s i v e l y  a s  4m+2, 4m+3, 
and 4m+4? vyo aay show t h a t  t h e  number of v a l u e s  f o r  k i s  
o f  t h e  form 2m+l,  f o r  a l l  p o s i t i v e  v a l u e s  o f  n .  Thus 
th e  number o f  b o n d in g  o r b i t a l s  c a n  a l s o  be e x p r e s s e d  i n  
t h i s  f o rm .  As ea c h  o r b i t a l  c a n  h o ld  two e l e c t r o n s , the  
number c f  e l e c t r o n s  which  c o m p l e t e l y  f i l l  t h e s e  o r b i t a l s  
i s  2 ( 2m4-1 ) = 4m-i-2, which i s  t h e  Huckol r u l e  f o r  a r o m a t i c i t y
(m can t a k e  t h e  v a l u e s  0 , 1 , 2 , --*, and v/hcn m =l,  we have
t h e  p a r t i c u l a i ?  c a s e  o f  t h e  a r o m a t i c  s e x t e t  a s  i n  b e n z e n e ) .
I f  wc t a k e  t h e  p a r t i c u l a r  c a s e s  of  th e  f i v e  and s e v e n  
membered r i n g s  ( i . e .  n=5 jr n=7) , i t  may be s e e n  by 
i n s p e c t i o n  t h a t  t h e  number of v a l u e s  o f  k which s a t i s f y  
th e  ab o v e  i n e q u a l i t i e s  i s  i n  v,ach c a s e  t h r e e  ( i . e .  1 , 4 , 3  
and 1 , 6 , 7  r e s p e c t i v e l y ) ,  o r  t h e  same number a s  f o r  benzene* 
Thus t h e r e  a r e  a g a in  t h r e e  b o n d in g  o r b i t a l s  and s t a b l e  
a r r a n g e m e n t s  w i l l  be achieved when t h e s e  a r e  e x a c t l y  f i l l e d  
by s i x  e l e c t r o n s .
- 2 3 -
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E x to n s  io n  to  h o t e r o c y c l i c  m o l e c u l e s #
I n  a h e t e r o c y c l i c  m o le c u l e  th o  m a t r i x  o lom ont  H. 
and th e  r e s o n a n c e  In te g ra l^ ;?  ( h e t c r o - a t o m  i s  r )  d i f f e r  
from th o s e  i n  t h e  c a r b o c y c l c s *  Tho d i f f e r e n e e  i s  n o t  
g r e a t ,  and docs  n o t  a f f e c t  th e  g e n e r a l  b e h a v i o u r ,  a l t h o u g h  
c h a rg e  d i s t r i b u t i o n s  can bo  c a l c u l a t e d .
In  p y r r o l e , i f  a l l  t h e  atoms a r e  h y b r i d i s e d  i n  th e  
t r i g o n a l  m anner ,  we h a v e  two l \ -oh: c t r o n s  on th e  n i t r o g e n .  
I f  th e  r i n g  i s  p l a n a r  t h e s e  w i l l  make up th e  s e x t e t  
f o r  tho  r i n g ,  w i th  c o n s e q u e n t  s t a b i l i s a t i o n .  The lo n e  
p a i r  h a v i n g  b ee n  u s e d  i n  the r e s o n a n c e ,  p y r r o l e s  do n o t  
have t h e  b a s i c  p r o p e r t i e s  we a s s o c i a t e  w i t h  such a 
n i t r o g e n o u s  m o l e c u l e ,
In  p y r i d i n o  th e  a r o m a t i c  s e x t e t  can be  co m p le ted  
w i th o u t  u s i n g  t h e  l o n e  p a i r  so  t h a t  i t  r e t a i n s  i t s  b a s i c  
p r o p e r t i e s ,
'24—
I I , 3 * A ro m a t ic  C h a r a c t e r  I n  f i v e  mombcred c a rb o n  r i n g s ,
(a )  G e n e r a l  R em arks*
The r e m o v a l  o f  a p r o t o n  from c y c l o p e n t a d i e n e  l e a v e s  
a f i v e  membered r i n g  i n  which th e  n e g a t i v e  c h a rg e  may be 
f o r m a l l y  p l a c e d  on ea ch  o f  th e  ca rb o n  atoms i n  turn to  
g iv e  th e  f i v e  e q u i v a l e n t  s t r u c t u r e s  l a  -  e ,
O  O '  - O  O -  o
l a  Ib  I c  Id  l e
R eso n an ce  i s  t h e r e b y  f a v o u r e d  w i t h  c o n s e q u e n t  s t a b i l i s a t i o n #  
The f i v e  membered r i n g  h as  now a s s o c i a t e d  w i t h  i t  s i x  
e l e c t r o n s  and so  would be  e x p e c t e d  t o  have a r o m a t i c  
p r o p e r t i e s .  T h u s ,  h y d ro g e r  from t h e  m e th y le n e  g ro u p  i n  
c y c l o p e n t a d i e n e  would be e x p e c te d  t o  bo somewhat l a b i l e .
T h i s  i s  i l l u s t r a t e d  by t h e  a c i d i t y  o f  cy c l o p e n t a d i e n e . 
which i s  r e r y  h ig h  f o r  a h y d r o c a r b o n ,  a s  was i n d i c a t e d  by 
Goss and I n g o ld  ( 2 3 ) i n  1928 .  The r e s o n a n c e  energy  o f  
th e  c y c l o p e n t a d i e n y l  a n io n  h a s  been e s t i m a t e d  a t  
42  K g . c a l s / m o l e  by R o b e r t s  and h i s  co -w orkers  ( 2 4 ) , u s i n g  
t h e  s im p le  m o l e c u l a r  o r b i t a l  t h e o r y .
Tho most  w i d e l y  i n v e s t i g a t e d  s e r i e s  o f  compounds 
h a v i n g  a r o m a t i c  c h a r a c t e r  a s s o c i a t e d  vr ith a f i v e  membered 
c a r b o c y c l e  a r e  t h e  f e r r o c e n e s  and f u l v e n e s .
2 5 -
( b ) F o r r o c o n e s .
F e r ro c ü n o  5 o r  d l c y c l o p e n t a d l e n y l  i r o n ,  was f i r s t  
p r e p a r e d  by K e a ly  and P a n s o n  (25)  i n  an  a t t e m p t  t o  make 
f u l v a l o n e  by thv. r e a c t i o n  of  c y c l o p c n t a d i e n y l  magnosinm 
b rom ide  w i th  f e r r i c  c h l o r i d e  * I t  h a s  a l s o  been p r e p a r e d  
by th e  a c t i o n  o f  c y c l o p e n t a d i e n c  on r e d u c e d  i r o n  i n  
n i t r o g e n  a t  500°C (89 )*
F e r r o c e n e  i s  an  e x t r e m e l y  s t a b l e  o ra n g e  s o l i d .  I t  
can b e  s u b l i m e d ,  and does  n o t  decompose e v e n  on h u a t in g i  
to  470°C, I t  i s  u n a f f e c t e d  by w a t ^ r , a c i d  o r  a l k a l i  
even  a t  t h e  b o i l i n g  p o i n t ,  and can be  r e c r y s t a l l i s e d  from 
o r g a n i c  s o l v e n t s  «
Tho a n t i - p r i s m  s t r u c t u r e  I I I  was p ro p o se d  by 
V/oodward (27 )  and h a s  b e e n  p ro v e d  by  X - ra y  d e t e r m i n a t i o n  
o f  t h e  c r y s t a l  s t r u c t u r e  (90 )o  A l l  th e  C-C bonds  a r e  
0 q u i v a I c n t , a s  a r e  a 11 t h e  C-E b o n d s ;  t h e  C-C bond 
d i s t a n c e  i s  a b o u t  1 , 4A
/ '  7 \
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I I I
r o r r o c o n e  b e h a v e s  a s  an  a r o m a t i c  compound, r e s i s t i n g  
r e a c t i o n s  such  as m a l e i c  a n h y d r id e  a d d i t i o n ,  and c a t a l y t i c  
h v d r o g e u a t : o n  w i t h  Adams* P la t i n u m  o x id e  c a t a l y s t ,  w h ich  
w i l l  r e d u c e  b en zen e  r i n g s . Indeed  i f  d i - i n d e n y l  i r o n  i s
— 2  6
s u b j e c t e d  t o  c a t a l y t i c  h y d r o g e n a t i o n ,  tho  b en z e n e  r i n g s  
a r ^  r e d u c e d  t o  g i v e  d i ( t c t r a h y d r o i n d e n y l )  i r o n  ( 9 l ) *
F e r r o c e n e  r e a d i l y  u n d e r g o e s  a r o m a t i c  s u b s t i t u t i o n ,  
p a r t i c u l a r l y  F r i e d e 1 - C r a f t s  a c y l a t i o n .  By c o m p e t i t i o n  
r e a c t i o n s  i t  h as  b een  shown t h a t  f e r r o c e n e  i s  much more 
r e a c t i v e  th a n  b en zen e  i n  t h i s  r e s p e c t .  H a l o g é n a t i o n ,  
n i t r a t i o n  and s u l p h o n a t i o n  r e a c t i o n s  a r e  i n t e r f e r e d  w i t h  
by o x i d a t i o n  o f  f e r r o c e n e  to  t h e  p o s i t i v e l y  c h a rg e d  
f e r r i c i n i u m  i o n ,  which  t a k e s  p l a c e  t o  th e  e x c l u s i o n  o f  
e l e c t r o p h i l i c  s u b s t i t u t i o n ^  S u l p h o n a t i o n  h a s  b e e n  
a c h i e v e d  i n  a c e t i c  a n h y d r i d e .
F e r ro c e n e B  have  b een  p r e p a r e d  from v a r i o u s  s u b s t i t u t e d  
c y c l o p e n t a d i e n e s  o t h e  one d e r i v e d  f rom  f l u o r e n e  b e i n g  
r a t h e r  u n s ta b le ®  A ls o  th e  i r o n  may be r e p l a c e d  by o t h e r  
t r a n s i t i o n  m e t a l s ^
A more c o m p le te  r e v i e w  o f  t h e  c h e m i s t r y  o f  f e r r o c e n e  
and r e l a t e d  compounds h a s  b ee n  made by P au so n  ( 2 6 ) .
( c ) F u l v e n e s »
The p a r e n t  compound o f  the  f u l v e n e  s e r i e s , which h a s  
n o t  y u t  b e e n  i s o l a t e d , would have  th e  s t r u c t u r e  IV* One 
member o f  the  c l o s e l y  a l l i e d  f u l v a l o n e  f a m i l y ,  
b i s d ip h o n y Io n e  e t h y l e n e  ( i V a ) ,  h a s  been  known s i n c e  I 875 
( 2 8 ) ,  but t h e  p r e p a r a t i o n  of  f u l v e n e s  by a l k a l i n e  c o n d e n s a t i o n
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of  c y c l o p o n t a d l e n c  w i th  a l d e h y d e s  and k e t o n e s  was f i r s t  
c a r r i e d  o u t  by T h i e l e  ( 2 9 ) i n  1900.
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T h i s  i s  th e  f i r s t  o f  t h e  two g e n e r a l  m ethods  o f  
p r e p a r a t i o n .  D e r i v a t i v e s  o f  c y c l o p e n t a d i e n e  v a r y  I n  
t h e i r  a c t i v i t y  u n d e r  t h o s e  c o n d i t i o n s , so t h a t  in d e n e  
and f l u o r e n e  a r e  c o n s i d e r a b l y  l e s s  r e a c t i v e  t h a n  
c y c l o p e n t a d i e n e . T h i s  may be a t t r i b u t e d  t o  th e  r e d u c t i o n  
i n  symmetry o f  t h e  io n  by  a n n e l l a t i o n .  The c y c l o p e n ta d i e n y :  
i o n  i s  s t a b i l i s e d  by i t s  h ig h  symmetry and p o s s e s s i o n  of  an 
a r o m a t i c  s e x t e t .
S u b s t i t u t i o n  o f  t h e  o l e f i n i c  h y d r o g e n s  a l s o  r e d u c e s  
th e  power o f  c o n d e n s a t i o n  so t h : t  p h e n y l a t o d  c y c lo p o n t a d i o n e s  
r e a c t  w i t h  a l d e h y d e s  b u t  n o t  w i t h  k e to n e s *
The use  o f  a l i p h a t i c  a l d e h y d e s  i s  o f  l i m i t e d  
a p p l i c a b i l i t y  a s  t h e  a l d e h y d e s  a r e  s e n s i t i v e  t o  th e  a l k a l i n e  
r e a g e n t s p  and  t h e  r e s u l t i n g  m o n o a lk y l  f u l v e n e s  r e s i n i f y *  
H ow ever p  6 - e t h y l  f u l v e n e  h a s  been  o b t a i n e d  p u re  by t h i s  
m e th o d .  The p r o c e s s  i s  f r e q u e n t l y  c o m p l i c a t e d  by s i d e  
r e a c t i o n s p  and by c o n d e n s a t i o n  o f  a second m o le c u le  o f
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nc a r b o n y l  compound w i t h  th e  c y c l o p e n t a d i e n e .
The second g e n e r a l  m ethod o f  p r e p a r a t i o n  i n v o l v e s  
th e  r e a c t i o n  o f  G r i g n a r d  r e a g e n t s j ,  or  o t h e r  s u i t a b l e  
o r g a n o - m e t a l l i c  com pounds , on th e  s o - c a l l e d  f u l v e n e  
k o t o n e s  e . g .
2 ; 3 Î 4 ? 5 " t c t r a p h e n y l c y c l o p o n t a d i c n o n c  (V) and f l u o r e n o n e  ( V l ) .  
D e h y d r a t i o n  o f  th e  t e r t i a r y  a l c o h o l  so fo rm ed  by c h e m ic a l  
o r  c a t a l y t i c  means y i e l d s  th e  f u l v e n e ,
Y \
h
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F u lv e n e s  o c c u r  i n  n a t u r e , and a l s o  a p p e a r  i n  
a r o m a t i s a t i o n s  e . g .  i n  t h e  o x id e  c a t a l y s e d  d e h y d . r o g e n a t i o n  
o f  h e x a n e , some f u l v e n e  i s  formed a s  w e l l  a s  benzene*
Much t h e o r e t i c a l p  and p r a c t i c a l , work h a s - b e e n  done 
on th o  s t r u c t u r e  o f  t h e  f u l v e n e s , i n  p : r t i c u l a r  w i t h  r e g a r d  
t o  bond o r d e r ,  f r e e  v a l e n c y  i n d i c e s  and d i p o l e  moments; 
Bergman h as  p u b l i s h e d  a c o m p re h e n s iv e  r e v i e w  o f  t h i s  
s u b j e c t  ( 3 0 ) .  The r e s u l t s  m a v b e  summar ised a s  f o l l o w s : -
( a )  A d i p o l e  e x i s t s  w i th  a d i r e c t i o n  i n t o  th e  r i n g .
(b )  The c y c l i c  * d o u b le  b o n d s ’ and th e  e x o c y c l i c  bond 
have  r e d u c e d  d o u b le  bond c h a r a c t e r
( c )  I n  g e n e r a l ,  g e o m e t r i c a l  i so m e r ism  i s  a b s e n t*
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The d i r e c t i o n  o f  t h e  d i p o l e  moment i s  i n  harmony w i th  
t h e  f a m i l i a r  t e n d e n c y  to w a rd s  a n i o n  f o r m a t i o n  i n  t h e  f i v e  
membered r i n g *  The d i p o l e  moment i s  low com pared  w i t h  
t h a t  i n  an y l i d c  such as  d i m e t h y l s u Iphonium f l u o r e n y l i d e  
(w hich  ha^*^ = 6.2D a c c o r d i n g  t o  P h i l l i p s ,  H u n te r  and 
B u t t o n  ( 3 1 ) ).; T h i s  i s  t o  be  e x p e c t e d  as  t h e  6 - c a r b o n  
atom i s  much l e s s  a b l e  th a n  s u l p h u r  to  c a r r y  a p o s i t i v e  
c h a rg e  *
The c h e m ic a l  p r o p e r t i e s  o f  th e  f u l v e n e s  b e a r  o u t  t h e  
i d e a s  o f  t h e i r  s t r u c t u r e  as  i n d i c a t e d  a b o v e .  R e d u c t i o n  
by l i t h i u m  a lum in ium  h y d r i d e , w h ich  i s  c h a r a c t e r i s t i c  o f  
a p o l a r  doubIc  bond such  a s  t h a t  i n  a c a r b o n y l  compound, 
can  be e f f e c t e d  and i n  th e  a d d i t i o n  o f  o r g a n o - m c t a l l i c  
compounds th e  a l k y l  gro u p  becomes a t t a c h e d  to  p o s i t i o n  6 .
A f u r t h e r  a n a lo g y  b e tw e e n  th e  e x o c y c l i c  dou b le  bond and a 
c a r b o n y l  g r o u p  i s  th o  a b i l i t y  o f  m e th y le n e  g ro u p s  a t t a c h e d  
t o  t h e  6 - c a r b o n  atom t o  u n d e rg o  A l d o l  c o n d e n s a t i o n *  I n  
D i e l s - A l d o r  r e a c t i o n s  t h e  f u l v e n e s  r e a c t  v a r i o u s l y  as  
d i o n o p h i l e s ,  d i o n e s  or  b o t h ,
( C' ) F u l v a l o n e  8 ,
I n  t h e  r e l a t e d  f u l v a l o n e  s e r i e s ,  t h e  s i m p l e s t  member 
f u l v a l o n e  ( V I l )  i s  a s  y e t  unknown b u t  t h e  r e s u l t s  of 
m o l e c u l a r  o r b i t a l  c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e s e  m o l e c u l e s  
sh o u ld  be s t a b l e .  The t e n d e n c y  o f  b o t h  r i n g s  to  a c q u i r e  
an e l e c t r o n  t o  com ple te  t h e i r  s e x t e t s  g i v e s  t h e  c e n t r a l  
bond a low bond o r d e r ,  f o r  a f o r m a l  d o u b le  b o n d ,  co m p a rab le
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w i t h  t h a t  o f  a b enzene  d o u b le  b o nd .  The s i m p l e s t  f u l v a l o n e  
so f a r  o b t a i n e d  i s  2 : 3 : 4 : b - t e t r a p h o n y l  f u l v a l o n e  ( V I I I ) p 
an  o r a n g o - r o d  h y d r o c a r b o n ,  which h a s  b ee n  p r e p a r e d  by t h e  
a c t i o n  o f  c y c l e  p o n t a d i o n y l  magnesium brom ide on 
t o t r a p h e n y 1 cyG1 ope n t a d i o n o n e  ( 6 6 ) .
VII VIII
( e ) C y c lo B e n t a d i o n y l i d e s .
The i o n i c  m e t a l  c y c l o p o n t a d i e n i d e s  h av e  b ee n  known f o r  
man-'- y e a r s , th e  p o t a s s i u m  d e r i v a t i v e  h a v i n g  been p r e p a r e d  
by T h i e l e  (33 )  i n  1901 by th e  d i r e c t  a c t i o n  o f  p o ta s s i u m  
on c y c l o p e n t a d i e n e  i n  b e n z e n e  s o l u t i o n .  The compounds 
decompose r e a d i l y ,  so m e t im es  w i th  jD xplos ive  v i o l e n c e *
The f i r s t  d i p o l a r  c y c l o p c n t a d i o n y l i d o  was a l s o  i n  a l l  
p r o b a b i l i t y  made by T h i e l e  ( 2 9 ) .  He r e p o r t e d  th e  f o r m a t i o n  
o f  a Q u i c k ly  r e s i n i f y i n g  v i o l e t  c o lo u re d  s u b s t a n c e  from t h e  
r e a c t i o n  o f  c y c l o p e n t a d i e n e  w i th  b en zcnc  d iazo n iu m  c h l o r i d e  
i n  th o  p r e s e n c e  o f  a l c o h o l i c  p o t a s h .  T h i s  p r o b a b l y  had 
th e  s t r u c t u r e  IX*
IX
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J i b n e r  and Lauo {3k? 33)  c o n t i n u e d  th e  i n v e s t i g a t i o n ,  
and r e p o r t e d  a s i m i l a r  r e a c t i o n  done i n  th e  p r e s e n c e  o f  
sodium a c e t a t e .  They were a b l e  to  c r y s t a l l i s e  a brown 
s u b s t a n c e  (mop. 1 3 0 °C) c o n t a i n i n g  1 6 . 83^  N 
r e q u i r e s  K 1 6 . 4 7 ^ ) « R o e d ig  and H o rn ig  ( 3 6 ) r e p e a t e d
t h i s  work and o b t a i n e d ,  i n  v e r y  s m a l l  q u a n t i t y ,  a s u b s t a n c e  
m ,p ,  1 1 3 - l l 6 °C, which  from c o m p le te  e l e m e n t a r y  a n a l y s i s  
and mol '- .cular  w e i g h t  d e t e r m i n a t i o n  th e y  f o r m u l a t e d  a s  
^20^]  They s t a t e d  t h a t  a s  t h e  r e a c t i o n  was
c e r t a i n l y  n o t  a s t r a i g h t f o r w a r d  o n e ,  th e y  wore n o t  
i n t e r e s t e d  i n  f o l l o w i n g  i t  up any f u r t h e r  a t  t h a t  t i m e ”
The fo rm u la  ^20^l6^2^1j d i f f i c u l t  t o  d e r i v e  f rom  a 
r e a c t i o n  i n  w hich  th>o c a r b o n  c o n t a i n i n g  u n i t s  have f i v e  
and s i x  c a rb o n  atoms e a c h ,  and i n  view o f  th e  d i f f i c u l t i e s  
e x p e r i e n c e d  i n  t h e  p r e s e n t  work i n  o b t a i n i n g  a n a l y s i s  
v a l u e s  c o r r e s p o n d i n g  w e l l  w i th  t h o s e  e x p e c t e d ,  p e r h a p s  too  
much r e l i a n c e  s h o u ld  n o t  be p l a c e d  on them i n  t h i s  i n s t a n c e  
The m o l e c u l a r  w e ig h t  f i g u r e  would f i t  e q u a l l y  w e l l  w i t h  a 
d im er  o f  t h e  s im p le  d ia z o  compound f o r m u l a t e d  above*
The s t r u c t u r e s  o f  t h e s e  d ia z o  d e r i v a t i v e s  t h e r e f o r e  
rem a in  i n  d o u b t ,  b u t  i n  v iew  o f  D o e r in g ^ s  p r e p a r a t i o n  o f  
d i a  z o cy c 1 open ta d  lo n e  (I16) i t  i s  n o t  im p r o b a b le  t h a t  th e  
p h e n y l  d e r i v a t i v e  may i n  f a c t  have b e e n  f o r m e d .
S t a u d i n g e r  and h i s  c o - w o r k e r s  (37)  d e s c r i b e  t h e  
p r e p a r a t i o n  o f  d i a z o f l u o ro n e  by o x i d a t i o n  o f  th e  h y d razo n e
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o f  f lu o r c n o n e *  I t  was a s t a b l e  deep rod  c r y s t a l l i n e
os u b s t a n c e  m ,p .  9U-95 G, f o r  which  t h e y  gave t h e  s t r u c t u r e
X; i t  would now be r e g a r d e d  a s  a h y b r i d  o f  s t r u c t u r e s  XI .a —u •
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I n  th e  fo rm s  XIa and XIc t h e  n e g a t i v e  c h a r g e  on th e  9"“c a r b o n  
atom g i v e s  an a r o m a t i c  s e x t e t  to  th e  f i v e  membered r i n g  *
Thus t h i s  compound s h o u ld  a l s o  be r e g a r d e d  a s  a f o r e r u n n e r  
o f  Doe r i n g  and Depuy’ s d i a z o c y c l o p e n t a d i c n e  (li6) »
P i n e k  and H i l b e r t  ( 3 8 ) r e - i n v e s t i g a t e d  d i a z o f l u o r e n e , 
and s t u d i e d  i t s  r e a c t i o n s  w i th  v a r i o u s  9" - s u b s t i t u t e d  
f l u o r e n e s , The r e a c t i o n  w i th  9 -a r a i n o f lu o r c n o  to  g iv e
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a k o t a z i n o  ( X I l ) ^  o r  f l u o r e n e  and f l u o r y l i d e n o  am ine 
jy  th o u g h t  o f  a s  p r o c e e d i n g  v i a  an a c t i v a t e d  
i n t e r m e d i a t e  : -
i a / V
/  V
'Ï-V
' V
/ %  I'
M  — N
\ /
-/\l T- Kl
XII
The te n d e n c y  would bo f o r  t h e  9 -h y d ro g e n  atom i n  the  
' i n in o f lu o r o n e  t o  i o n i s e  l e a v i n g  t h e  9 - c a r b o n  atom w i t h  a 
n e g a t i v e  c h a r g e , and t h e  o u t e r  n i t r o g e n  f rom  d i a z o f l u o r e n e  
would have t o  bo c a p a b le  o f  n e u t r a l i s i n g  t h i s  c h a r g e , which  
i s  p o s s i b l e  i n  th e  c a s e  o f  s t r u c t u r e  X I c ,
Arm-^.t^ and R o b in s o n  (13)  p r e p a r e d  some anhydron ium  
h a s o s  whe'ch had f i v e  membered r in g s  b e a r i n g  6 A - e l e c t r o n s , 
a 11'^  a  nega"hin^o c h a r g e . I n t r o d u c i n g  th e  i n s c r i b e d  c i r c l e  
n o o s t i o n  to  r e p r e s e n t  a s e x t e t  o f  e l e c-irons, t h e y  d e s c r i b e d  
one L r t h e s e  as  a h i ' h r i d  - ; i t h  th e  two s t r u c t u r e s
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X l l l a  and X l l l b  a s  ox trom e f o r m s .
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A s i m p l e r  c a s e  i s  th e  m o th o h y d ro x id e  (XlVa) o f  3 - c a r b o l i n e  
which  l o s e s  w a t e r  w i t h  f o r m a t i o n  o f  t h e  an h ydron ium  b ase  
XlVb.
(mW M
XlVa
OH (fMe
XlVb
I n g o ld  and J o s s  op (39)  p r e p a r e d  f l u o r e n y l i d o s  by 
th e  a c t i o n  o f  am inos  and d i a l k y l  sulph ides  on 9 - b r o m o f l u o r o n e • 
I n  the  c a s e  of the  t r i m o t h y l -  and t r i e th y la m m o n iu m  
9 - f l u o r e n y l i d e s  (XV) and (X Vb) ,  th e  p r o d u c t s  were formed i n  
i n s u f f i c i e n t  amount, and were too u n s t a b l e ,  t o  i s o l a t e .
t h e  e q u i l i b r i u m : -
\— Oh i—'— ) r j  k  ; -1"
/ V  A v / '"V
-35 -
;^V
y. V o
b e i n g  w e l l  o v e r  t o  t h e  l e f t .  By a n a lo g y  w i t h  th e  
K~oxiclos 0 -  which have  low s t a b i l i t y  and tond  t o
add w a t e r  t o  g iv e  h y d r o x i d e s  (OH-NR^ "*") OH” , and th e  
s u l p h o x i d e s  0 -  BRp w hich  a r e  more s t a b l e  and have  l i t t l e  
t e n d e n c y  t o  add w a t e r , t h e y  d e c id e d  t o  i n v e s t i g a t e  
f l u o r e n y l - s u l p h o n i n m  compounds.  The a d d i t i o n  o f  
dime t h y I s u l p h i d e  to  9 - b r o m o f lu o r e n e  d id  n o t  ta k e  p l a c e  i n  
e t h e r ,  b e n z e n e  o r  w i t h o u t  a s o l v e n t ,  b u t  by a p p l y i n g  
R i c h a r d s o n  and 8 6 p e r *s r e c e n t l y  p u b l i s h e d  c o h e s io n  
p r i n c i p l e  (40)  and c a r r y i n g  ou t  t h e  r e a c t i o n  i n  
n i t r o m c t h a n e , th e  r e q u i r e d  p r o d u c t  was form ed i n  good 
y i e l d . T re a tm e n t  w i th  sodium h y d r o x id e  y i e l d e d  a y e l l o w  
c r y s t a l l i n e  compound XVIa, m .p .  7 0° -75°C  ( D e c . ) .  P h i l l i p s  
H u n te r  and S u t t o n  ( 3 l )  on r e p e a t i n g  t h i s  work o b t a i n e d  a 
s u b s t a n c e  m .p .  1 2 6 -7 ^ 0  w hich  decomposed a f t e r  m e l t i n g .
They a s c r i b e d  t h e  e a r l y  d e c o m p o s i t i o n  o f  I n g o ld  and 
J e s s o p ^ s  p r o d u c t  to  o c c lu d e d  a l k a l i .  The y l i d e  d a r k e n s  
and l o s e s  d i m e t h y l , s u l p h i d e  on s t a n d i n g  i n  a i r ,  i s  s t a b l e  
f o r  a b o u t  24  h o u r s  i n  v a c u o , b u t  decomposes q u i t e  r a p i d l y  
i n  s o l u t i o n .
Y SMe,
XVIa
z f  Me.
XVIb
-3  6*
Ingolcl and J e s s o p  (39 )  c la im e d  t h a t  t h e  t r i m e t h y l  
9 - f l u o r e n y l i d e  which  th e y  had made, w i t h o u t  i s o l a t i n g  i t ,  
was th e  f i r s t  compound t o  be p r e p a r e d  w i t h  a s e m i - p o l a r  
bond i n v o l v i n g  a c a rb o n  a to m .  T h i s  c la im  d o e s  n o t  seem 
t o  be j u s t i f i e d , i f  th e  s t r u c t u r e s  s u g g e s t e d  above a r e  i n  
f a c t  c o r r e c t  f o r  t h e  d i a z o  compounds p r e p a r e d  a b o u t  tw en ty  
y e a r s  e a r l i r r  by T h i e l e  (3 3 )  and S t a u d i n g e r  ( 3 7 )$
P h i l l i p s ,  H u n te r  and S u t t o n  ( 3 l )  e v a l u a t e d  th e  d i p o l e  
moment o f  d i m e t h y l  su lp h o n iu m  f l u o r e n y l i d e  as  6 .2D ,  a much 
h i g h e r  v a lu e  th a n  would be e x p e c t e d  from s t r u c t u r e  XVIb 
or  from e i t h e r  o f  the  two o t h e r  K ekule  s t r u c t u r e s .  Any 
r e s o n a n c e  b e tw e en  t h e s e  s t r u c t u r e s  i n v o l v e s  o n l y  t h e  
ben zen e  r i n g s  and n o t  t h e  m o le c u le  a s  a w h o l e . However,  
w r i t i n g  th e  s t r u c t u r e  w i th  a s e m i - p o l a r  bond th e  n e g a t i v e  
c h a rg e  can be f o r m a l l y  p l a c e d  on any  one o f  t h e  t h i r t e e n  
c a r b o n  atoms and th e  p o s s i b i l i t i e s  f o r  r e s o n a n c e  a r e  much 
g r e a t e r ,  so  t h a t  a s i n g l e  bonded s t r u c t u r e  i s  s t a b i l i s e d  
r e l a t i v e  t o  a d o u b le  bonded o n e .  A l l  t h i r t e e n  p o s s i b i l i t i e s  
would have a w ide  s e p a r a t i o n  o f  ch a rg e  and be h i g h l y  p o l a r .
Hughes and K u r iy a n  ( 4 l )  s u g g e s t e d  t h a t  t h e s e  s u b s t a n c e s  
would be s t a b i l i s e d  by i n c r e a s i n g  th e  p o s i t i v e  e l e c t r i c a l  
f i e l d  o v e r  th e  r e g i o n  o f  t h e  n e g a t i v e  c a t b o n  a to m .  T h i s  
t h e y  d id  by t h e  i n t r o d u c t i o n  o f  n i t r o  g r o u p s  i n t o  t h e  
f l u o r e n e  n u c l e u s ,  and p r e p a r e d  d im o th y lsu lp i lo n iu m  - 9 -  
( 2 - n i t r o f l u o r e n y l i d e )  and d im e th y l s u lp h o n iu m  - 9 -  
( 2 : 7 - n i t r o f l u o r o n y l i d e ) ,  w hich  were p u r p l e  c r y s t a l l i n e
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s o l i d s ,  much more s t a b l e  t h a n  t h e i r  u n s u b s t i t u t e d  a n a lo g u e s *  
On o x i d a t i o n  w i th  ch ro m ic  a c i d  i n  g l a c i a l  a c e t i c  a c i d , t h e  
c o r r e s p o n d i n g  f l u o r e n o n e  was f o r m e d #
The f o r m a t i o n  o f  p y r i d i n i u m - 9 - f l u o r e n y l i d e  (XV Il)  
from f l u o r e n y l - 9 - p y r i d i n i u m  s a l t s  i s  d e s c r i b e d  by 
K r o l l p f e i f f e r  and S c h n e i d e r  (4 2 )  i n  a p a p e r  m a in ly  c o n c e rn e d  
w i th  c o l o u r e d  compounds d e r i v e d  from q u i n o l i n e  and 
i s o Q u i n o l i n e . such a s  30/1I I  i n  w h ich  th e  c e n t r a l  g l y o x a l i n e  
r i n g  h a s  an a r o m a t i c  s e x t e t  o f  e l e c t r o n s .  B r i e f  r e f e r e n c e  
o n ly  was made to  th e  y l i d e ,  and a p a r t  from d e s c r i b i n g  i t s  
c o l o u r ,  deep  b l u e ,  no o th e r  d e t a i l s  a r e  g i v e n ,  Krohnke 
(43)  d e s c r i b e d  e n o l - b e t a i n e s  i n v o l v i n g  p y r i d i n i u m  r i n g s ,  
V7hich a r e  h i g h l y  co lo u red  compounds#
f  \
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I n  1946 ,  P i n c k  and H i l b e r t  (44 )  p r e p a r e d  p y r i d i n i u m  
and dC- p i c o l i n i u m  f l u o r e n y l i d e s  by f i r s t  f o rm i n g  t h e  b rom ide  
by th e  a c t i o n  o f  th e  base on 9 -b r o m o f lu o r e n e , The r e a c t a n t s  
were a l lo w e d  t o  s t a n d  a t  room temperature f o r  s e v e r a l  w eeks ,  
when th e  product  p r e c i p i t a t e d  from s o l u t i o n .  On t r e a t m e n t  
o f  an  a l c o h o l i c  s o l u t i o n  w i t h  alkalijj>. an i n d i g o  b lu e
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c o l o r a t i o n  was formed wh ich  faded  t o  r r o e n  a f t e r  s e v e r a l  
h o u r s ,  t h e n  t o  o ran g e  and r e d .  In  aqueous  s o l u t i o n ,  
a d d i t i o n  o f  a l k a l i  gave a p u r p l i s h  b lu e  p r e c i p i t a t e ,  
s o l u b l e  i n  o r g a n i c  s o l v e n t s , which decom posed  w i t h i n  an 
h o u r . A sample  t r e a t e d  w i t h  l i q u i d  ammonia i n  a s e a l e d  
t u b e ,  r em a in ed  i n d i g o  b l u e  f o r  f i v e  d a y s ,  and th o n  became 
b l u i s h  g r e e n .  F l u o r e n e  and f l u o r y l i d e n o  am ine were 
i s o l a t e d  from t h e  r e a c t i o n  m i x t u r e ,
They a l s o  r e p o r t e d  th e  p r e p a r a t i o n  o f  f l u o r y l i d e n e - 9 -  
ammonium f l u o r e n e  (X IX ) . The h y d ro b ro m id e  o f  
9 : 9 ^ - d i f l u o r y l a m i n e  was made from 9 - b ro m o f lu o r e n e  and 
9 - a m i n o f l u o r e n e  i n  a c e t o n i t r i l e , t h e  f r e e  b a s e  b e i n g  
o b t a i n e d  by b o i l i n g  t h e  a l c o h o l i c  s o l u t i o n  u n d e r  r e f l u x .
On t r e e t m e n t  w i th  l i q u i d  ammonia a b l u e  compound was 
f o r m e d , s t a b l e  i n  l i q u i d  ammonia f o r  s i x  months.*. The 
h y d ro b ro m id e  r e a c t e d  w i t h  sodium h i rd ro x id e  i n  a l c o h o l  a t  
100^ to  g iv e  a b l u e  c o l o u r e d  compound w hich  fa d e d  q u i c k l y  
i n  a i r , and more s l o w l y  i n  a s e a l e d  tube*  I n  n e i t h e r  
c a s e  d i d  th e y  a t t e m p t  t o  i s o l a t e  t h e  b lu e  c o l o u r e d  m a t e r i a l s .
A a
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N o v e l l !  and do V a r e l a  (4 5 )  p r e p a r e d  p y r i d i n i u m  
2 - n i t r o f l u o r e n y l i d e  which was r a t h e r  more s t a b l e ,  and 
t h e y  o b t a i n e d  i t  i n  t h e  s o l i d  s t a t e .  I f  k e p t  i n  t h e  
d a r k ,  and i n  v a c u o ,  i t  rem a ined  u n a l t e r e d  f o r  a t  l e a s t  
s i x  m o n th s . The s o l u t i o n  was s t a b l e  u n d e r  t h e  same 
c o n d i t i o n s  f o r  s e v e r a l  h o u r s ,  e v e n t u a l l y  f a d i n g  to  g r e e n  
and th e n  ye 11 owc. The m<>p. o f  th e  s u b s t a n c e  was d e s c r i b e d  
a s  * i n d e f i n i t e ’ .
More r e c e n t l y ,  i n  1953? D o e r in g  and Depuy (46)  
p r e p a r e d  d i a z o c y c l o p e n t a d i e n o  (XX) by t h e  r e a c t i o n  o f  
cy c l o p e n t a d i e n y l  l i t h i u m  on p - t o l u e n e s u l p h o n y l a z i d e ,
T h i s  i s  a r e d  l i q u i d ,  b .p «  52°-53°G  a t  50 mm, whose 
s t r u c t u r e  was p ro v ed  by  a n a l y s i s  and M.V. d e t e r m i n a t i o n ,  
and by c a t a l y t i c  h y d r o g e n a t i o n  to  g iv e  t h e  h y d ra z o n e  of  
c y c l o p en tan o n e  which  was s y n t h e s i s e d  i n d e p e n d e n t l y .  The 
i n f r a  r e d  sp e c t ru m  shows s t r o n g  a b s o r p t i o n  a t  2082 cm” ^ 
(4#80  ) — a r e g i o n  g e n e r a l l y  a s s o c i e  t e d  w i t h  a t r i p l e  
bond o r  a sys tem  o f  two cu m u la te d  d o u b le  b o n d s .  N e i t h e r  
o f  t h o s e  a r r a n g e m e n t s  i s  p o s s i b l e  i n  a f iv e -m em b ered  r i n g  
so th u  band must be a c c o u n t e d  f o r  by th e  two n i t r o g e n s  a s  
a d i a z o  g r o u p i n g .  The u l t r a  v i o lv j t  sp e c t ru m  h a s  a 
maximum a t  298 nuA, (logic 4(^1?) and a l o n g  t a i l i n g  a b s o r p t i o n  
i n t o  t h e  v i s i b l e .
XX
-40-
A p r e l i m i n a r y - n o t i c e  o f  t h e  p r e p a r a t i o n  o f  p y r i d i n i u m  
c y c l o p e n t a d i e n y l i d e  (X X l) ,  a s  d e s c r i b e d  i n  l a t e r  s e c t i o n s  
of  t h i s  t h e s i s ,  was p u b l i s h e d  i n  1955  ( 8 7 ) .
XXI
S i m u l t a n e o u s l y  w i th  t h i s  w o rk ,  S pooncer  (47 )  s y n t h e s i s e d  
t r i m e t h y l a m m o n i o c y c l o p e n t a d i e n y l i d c  (X X II) by t r e a t i n g  
1: 2 - b i s ( t r i m e t h y 1 arnm on io ) -3 -c y c l o p o n te n e  d i - i o d i d e  w i th  
4 0 % p o ta s s i u m  h y d r o x i d e  s o l u t i o n  u n d e r  an a tm o s p h e r e  o f  
n i t r o g e n  a t  8 0 - 9 0 ° C , One e q u i v a l e n t  o f  t r i m e t h y lam in e  
was e l i m i n a t e d  and i d e n t i f i e d *
N Me y N M 
XXII
The y l i d e  was a weak b a s e ,  pk^ 3 . 9 4 ,  wh ich  was 
a t t r i b u t e d  to  th e  p o s i t i v e  i n d u c t i v e  e f f e c t  o f  t h e  n i t r o g e n ,  
and to  t h e  d é l o c a l i s a t i o n  o f  t h e  T \ - e l e c t r o n s  i n  t h e  f i v e -  
memberod r i n g .  The r e s o n a n c e  e n e rg y  was e s t i m a t e d  a t  
36  K gÎ c a l s / m o l o • f rom  pH m e a s u r e m e n t s . Chem ica l  e v i d e n c e  
s u g g e s t e d  t h a t  t h e  y l i d e  may u n d e rg o  one e l e c t r o n  l o s s  to  
form a r a d i c a l *  D e r i v a t i v e s  were d i f f i c u l t  to  p r e p a r e ,  
b u t  p r e l i m i n a r y  i n v e s t i g a t i o n s  s u g g e s t e d  t h a t  t h e  y l i d e  
m ig h t  u n d e rg o  a r o m a t i c  s u b s t i t u t i o n  r e a c t i o n s .
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The y l i d e  was a red  c r y s t a l l i n e  s o l i d  m .p .  c a .
200°G ( d o c ) ,  t h e  fo rm u l a  b e i n g  p roved  by e l e m e n t a r y  
a n a l y s i s ,  and e q u i v a l e n t  w e ig h t  d e t e r m i n a t i o n  by t i t r a t i o n  
w i th  a c i d .  I t  was u n s t a b l e  i n  a i r  and was s t o r e d  u n d e r  
n i t r o g e n .  H y d r o g e n a t i o n  w i th  Adams’ c a t a l y s t  i n  a c e t i c  
a c i d  y i e l d e d  c y c l o p e n t a n e  and t r i m e t h y l a m i n o *
O th e r  s u c c e s s f u l  r e a c t i o n s  r e p o r t e d  were  c o u p l i n g  w i th  
d ia zo n iu m  s a l t s  ( i n  b a s i c  s o l u t i o n ) ,  b rom ine  a b s o r p t i o n  i n  
c h l o r o f o r m  w i th  t h e  e v o l u t i o n  o f  h y d ro g e n  b ro m id e ,  d e c o l o n ­
i s a t i o n  o f  s o l u t i o n s  o f  i o d in e ,  n i t r i c  o x id e  and t h e  
f o r m a t i o n  o f  i n t e n s e l y  b l u e  s o l u t i o n s  w i t h  c h l o r a n i l  
and b e n z o q u i n o n e •
I t  was s o l u b l e ,  b u t  e v e n t u a l l y  decomposed i n  w a t e r  
and p o l a r  o r g a n i c  s o l v e n t s  su ch  as  c h l o r o f o r m ,  e t h a n o l ,  
n i t r o b e n z e n e ,  a c e t o n i t r i l e  and p y r i d i n e ,  w i th  a c o l o u r  
r a n g e  f rom  rod t o  y e l l o w .  I t  was n o t  s o l u b l e  i n  e t h e r ,  
b e n z e n e  o r  c a rb o n  t e t r a c h l o r i d e .
S u b s e q u e n t  to  th e  p r e l i m i n a r y  p u b l i c a t i o n  o f  t h e  p r e s e n t  
work ( 8 7 ) ,  Ram i rez  and Levy (4-8) r e p o r t e d  th e  p r e p a r a t i o n  
o f  t r i p h e n y l p h o s p h o n i u m c y c l o p e n t a d i e n y l i d e  (X X II l )  by t h e  
same method a s  had b _ e n  u s e d  i n  p r e p a r i n g  t h e  p y r i d i n i u m  
an a lo g u e  i n  t h i s  w ork ,  i . e .  by r e a c t i o n  o f  t r i p h e n y l p h o s p h i n e  
w i th  d ib ro m o c y c l o p o n te n e  i n  c h lo ro f o rm  s o l u t i o n  and rem o v a l  
o f  a p r o t o n  from th e  1 - c a r b o n  atom w i th  sodipm h y d r o x i d e .
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No i n t e r m e d i a t e s  were isolated , b u t  t h e y  i n d i c a t e d  t h a t  
t h e y  were i n t e n d i n g  t o  i n v e s t i g a t e  t h e s e  more t h o r o u g h l y .
The p h o s p h in e  m e th y le n e  was a p a l e  y e l lo w  c r y s t a l l i n e  
s o l i d  m . p . 2 2 9 - 2 3 1 ^ 0 j which co u ld  be r e p r e c i p i t a t e d  
unchanged  from a c i d  s o l u t i o n  and was u n a f f e c t e d  by p r o lo n g e d  
b o i l i n g  i n  a l c o h o l i c  p o t a s s i u m  h y d r o x id e  s o l u t i o n .  No 
pure p i c r a t e  was fo rm ed  from chloroform, b en z en e  o r  e t h a n o l  
s o l u t i o n  b u t  from c a rb o n  d i s u l p h i d e  a p r o d u c t  m .p .  155^-156^0  
was fo rm e d ,  wh ich  a n a l y s e d  c o r r e c t l y  w i t h o u t  r c c r y s t a l l i f »  
s a t i o n ,  a s  this led  to  some d e c o m p o s i t i o n .  The f o r m u l a  
o f  th e  y l i d e  was co n f i rm ed  by e l e m e n t a r y  a n a l y s i s ,  M.W. 
d e t e r m i n a t i o n ,  and h y d r o g e n a t i o n  i n  hydrobromic a c i d  
s o l u t i o n  to g i v e  t rlphenylcyclopon t y 1 phosphonium b rom ide  
which was s y n t h e s i s e d  i n d e p e n d e n t l y .
The p h o s p h in e  m e th y le n e  c o u p l e s  w i th  benzene  d ia z o n iu m  
c h l o r i d e  i n  an a q u eo u s  m e th y le n e  c h l o r i d e  s y s te m  c o n t a i n i n g  
sodium a c e t a t e  (hS) t o  g i v e  t r i p h e n y l p h o s p h o n i u r a -
-li.3
{2 - p h e n y la a o )  c y d o p e n t a d i e n y l l d o  (XXIV) i n  h ig h  y i e l d *  
T h i s  i s  a deep o ra n g e  s o l i d  m*p, 239- 2l\.O^ Gÿ t h e  s t r n c t n r e  
b e i n g  p roved  by e l e m e n t a r y  a n a l y s i s , d e t e r m i n a t i o n
and c a t a l y t i c  h y d r o g e n a t i o n  o f  t h e  hyd rob rom ido  to  g iv e  
th e  p h e n y lh y d ra z o n o  o f  ( 2-ox‘oc y d c p o n t y l ) 
t r ip h o n y lp h o s p h o n iu ra  brom ide  ? which  was s y n t h e s i s e d  by 
an a l t e r n a t i v o  r o u t e ,
p (PN
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The d i a z o  c o u p l i n g  o c c u r s  a t  a p o s i t i o n  which 
p r e s e r v e s  t h e  c y c lo p o n t a d i e n i d c  sys tem  and which g i v e s  
r i s e  t o  t h e  l o n g e s t  p o s s i b l e  c o n j u g a t e d  s y s t e m  t e r m i n a t i n g  
a t  t h e  p h o s p h o ru s  atom* The d i p o l e  moment o f  t h e  d i a z o  
compound i s  6 .52D , compared w i t h  6 . 99D, f o r  th e  
u n s u b s t i t u t e d  y l i d e .
I n  1 9 5 7 5 E u r s a n o v , B a r a n e t s k a y a  and S e t k i n a  (50)  
r e p o r t e d  t h e  p r e p a r a t i o n  o f  a compound XXV by th e  a c t i o n  
o f  c y c l p p e n t a d i e n y l  l i t h i u m  on b e n z y l  p y r i d i n i u m  c h l o r i d e .
XXV b
The p o s s i b i l i t y  o f  a f u l v e n e  s t r u c t u r e  XXVc i s  
d i s c o u n t e d  b e c a u s e  o f  t h e  v e r y  h i g h  d i p o l e  moment ( 9 * 7D) 
o f  t h e  m o le c u le*
b
XXVc
The fo rm u l a  f o r  .XXV was e s t a b l i s h e d  p by
a n a l y s i s p  Li.V/, d e t e r m i n a t i o n ,  and c a t a l y t i c  h y d r o g e n a t i o n  
to  a t e r t i a r y  am ine C^^E^t^N*
A lso  v e r y  r e c e n t l y ,  Boyd ( 5 l ) ?  h as  p r e p a r e d  2 - p h e n y l -  
b e n z o ( b ) c y c l o p e n t a ( e ) p y r a n  and b e n z o ( b ) i n d e n o - l : 2 - ( e ) p y r a n  
by c o n d e n s a t i o n  o f  s a l i c y l a l d é h y d e  w i th  an  a p p r o p r i a t e  
e y e 1op e n ta n o n e  i n  t h e  p r e s e n c e  o f  p i p e r i d i n e  a c e t a t e *
The p a r e n t  sy s tem  w hich  he w ro te :
i s  an  a n a lo g u e  ol a z u lo n e  where -GH: OR- i s  r e p l a c e d  by -O* 
The two e y e l o pe n t  a p y r a n s  p r e p a r e d  we re  s t a b l e  
c r y s t a l l i n e  s o l i d s  r e s p e c t i v e l y  b r o w n - p u r p l e  and r e d  i n  
c o l o u r .  The p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  c h e m i c a l  
p r o p e r t i e s  and a b s o r p t i o n  s p e c t r a  show a r e s e m b la n c e  t o  
t h o s e  o f  a z u l e n e .
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I l l *  THEORETICAL SECTION*
1 .  I n t r o d u c t i o n «
The p r e s e n t  work c o n s i s t e d  f o r  th e  most  p a r t  o f  an 
i n v e s t i g a t i o n  o f  t h e  modes o f  p r e p a r a t i o n  and p r o p e r t i e s  
o f  y l i d e s  d e r i v e d  f ro m  c y c l o p e n t a d i e n e  and from 2 : 5 # 4 : 5 -  
t e t r a p h e n y l c y c l o p e n t a d i o n e *
2 .  P r e p a r a t i o n  o f  unph en y lc . to d  c y c l  op e n t a d i e n y l i d e s  *
The r e a c t i o n  scheme i n v o l v e d  i n  t h e  p r e p a r a t i o n  o f  
t h e s e  y l i d e s  was q u i t e  s im p le *  C y c lo p e n t a d i e n e  was 
o b t a i n e d  by d e - p o l y m e r i s a t i o n  o f  d i c y c l o p e n t a d i e n e  on 
d i s t i l l a t i o n  th ro u g h  p l a t i n u m  g a u z e ,  and b r o m in a t e d  i n  
c h l o r o f o r m  s o l u t i o n  w i t h  one m o l e c u l a r  e q u i v a l e n t  o f  
b ro m in e  a c c o r d i n g  t o  t h e  met:od o f  P a rm er  ( 5 2 )# 1 : 4 -
a d d i t i o n  i s  n o rm a l ,  b u t  t h e  o r i e n t a t i o n  and s t e r e o ­
c h e m i s t r y  o f  th e  d ib ro m id e  were  n o t  i m p o r t a n t  f o r  t h e  
p r e s e n t  work* T h is  d ib r o m id c  was t h e n  t r e a t e d  w i t h  two 
m o l e c u l e s  o f  an  o r g a n i c  b a s e *  Two p o s s i b i l i t i e s  e x i s t  
f o r  t h i s  r e a c t i o n ; -
( i )  One m o le c u l e  o f  t h e  b a s e  removes h y d ro g e n  b rom ide 
t o  r e p l a c e  t h e  d o u b le  bond w h i l s t  t h e  o t h e r  s u b s t i t u t e s  a t  
t h e  o t h e r  C-Br p o s i t i o n  w i t h  q u a t e r n i s a t i o n  o f  i t s  n i t r o g e n .
( i i )  A d i - q u a t e r n a r y  s a l t  i s  formed *
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In  th e  f i r s t  p l a c e  t h r e e  o r g a n i c  b a s e s  were t r i e d ,  
ammonia, a n i l i n e  and p y r i d i n e *  The p r o d u c t s  f rom  ammonia 
and a n i l i n e  were b o t h  r e d  i n  c o l o u r ,  b u t  were  d i f f i c u l t  
t o  h a n d le  and w i l l  be d i s c u s s e d  l a t e r *  The p o s s i b l e  
s t a b i l i s i n g  e f f e c t  o f  d é l o c a l i s a t i o n  o f  th e  p o s i t i v e  
c h a rg e  i n  p y r i d i n e  p rom pted  i t s  u s e  as  o r g a n i c  b a s e  i n  
p l a c e  o f  the  two o t h e r  b a s e s  m e n t io n e d  «
The r e a c t i o n  w i th  p y r i d i n e ,  c a r r i e d  o u t  a t  room 
t e m p e r a t u r e  i n  c h l o r o f o r m  s o l u t i o n ,  gave a v e r y  d a r k  lo w e r  
l a y e r *  T h i s  was s e p a r a t e d  and th e  c h l o r o f o r m  removed*
The r e s i d u e  was found  to  be v e r y  s o l u b l e  i n  w a t e r ;  on 
a d d i t i o n  o f  d i l u t e  sodium h y d ro x id e  s o l u t i o n  a c o p io u s  
p r e c i p i t a t e  of  b e a u t i f u l  red -b ro w n  n e e d l e s  was formed 
wh ich was t a k e n  t o  be p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e  ( I )*. 
F o r  p r o o f  o f  s t r u c t u r e  see  below* A l th o u g h  q u i t e  s t a b l e  
u n d e r  n i t r o g e n  or i f  s t o r e d  i n  v a c u o ,  t h e s e  da rkened  
r a p i d l y  on e x p o s u re  to  l i g h t  and a i r *
I I I *3 o S t r u c t u r e  o f  t h e  i n t e r m e d i a t e s  i n  th e  P r e p a r a t i o n  
of  c y c l o p e n t a d i e n y l i d e 8 *
I t  was o r i g i n a l l y  t h o u g h t  t h a t  th e  i n t e r m e d i a t e  i n  
t h i s  y l i d e  f o r m a t i o n  was t h e  brom ide  I l a ,  and t h a t  a 
c r y s t a l l i n e  s o l i d  n o t i c e d  i n  t h e  removal  o f  t h e  c h lo ro f o rm  
was p y r i d i n i u m  h y d ro b ro m id e ,  a l s o  p ro d u ced  i n  t h i s  r e a c t i o n ,
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i r6 o  t h a t  t h e  r e a c t i o n  had f o l l o w e d  t h e  f i r s t  of  t h e  two 
p o s s i b l e  c o u r s e s  m e n t io n e d  e a r l i e r .
0 ” b Q )  o i 4 )
I  I l a
However,  s e v e r a l  m o n th s  l a t e r  more o f  t h i s  r e a c t i o n  
m ix t u r e  was t r e a t e d  w i t h  so d iu m  h y d r o x id e  w i t h  p r o d u c t i o n  
of th e  y l i d e  e x a c t l y  as  b e f o r e .  I f  t h e  i n t e r m e d i a t e  were 
a s  ab o v e ,  i t  seemed s u r p r i s i n g  t h a t  i t  s h o u ld  have  rem a ined  
s t a b l e , s t a n d i n g  a s  i t  was exposed  to  t h e  a i r ,  and so i t s  
s t r u c t u r e  was r e c o n s i d e r e d .  At a b o u t  t h i s  t im e Ram i rez  
and Levy (4 8 )  p u b l i s h e d  t h e  p r e p a r a t i o n  o f  t r i p h e n y l -  
p h o s p h o n i u m c y c l o p e n t a d i e n y l i d e  by an a d a p t a t i o n  o f  t h e  
above m e th o d ,  Eo i n t e r m e d i a t e  was i s o l a t e d  b u t  a t e n t a t i v e  
r e a c t i o n  B chiome s u g g e s t e d  t h a t  t h i s  w as  a b i s ( t r i p h e n y l p h o s -  
ph o n iu m )c y c l o p e n t e n e  d i b r o m i d e •
A compound h a v i n g  t h e  s t r u c t u r e  I l b  would no d oub t  be 
more s t a b l e  t h a n  t h e  a l t e r n a t i v e  p o s s i b i l i t y  ( I l a )  g i v e n  
a b o v e ,  and an . a t t e m p t  was made t o  i s o l a t e  and p u r i f y  t h e  
i n t e r m e d i a t e ,
l i b
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4All e a r l i e r  a t t e m p t  t o  s e p a r a t e  i t  f rom  a su p p o sed  
m i x t u r e  w i th  p y r i d i n i u m  h y d ro b ro m id e  by ch ro m a to g rap h y  
on a lu m in a  had been  abandoned  a s  d e c o m p o s i t i o n  o c c u r r e d  
on th e  columuo
The r e a c t i o n  m i x t u r e  on s t a n d i n g  d e p o s i t e d  a p p a r e n t l y  
w h i te  o r  c o l o u r l e s s  c r y s t a l s  from a b l a c k  l i q u o r *  These  
were r o u g h ly  f r e e d  from t h e  d a r k  c o l o u r e d  m a t e r i a l  by 
p r e s s i n g  on a p o r o u s  p l a t e  o r  be tw een  f i l t e r  p a p e r s .  The 
l i g h t  brown s o l i d ,  mop« 200^0 ,  could  be r e  c r y s t a l l i s e d  
from e t h a n o l  o r  m e th a n o l  ( b e i n g  i n s o l u b l e  i n  non h y d r o x y l i c  
s o l v e n t s ) ,  b u t  d i s c o l o r a t i o n  u s u a l l y  o c c u r r e d  on h e a t i n g *
A b e t t e r  p r o d u c t  was o b t a i n e d  by c h ro m a to g ra p h y  on a 
n e u t r a l  m e d i u m , f i l t e r  c e l  b e i n g  u s e d .
A n a l y s i s  o f  t h i s  p r o d u c t  was i n c o n c l u s i v e ,  and 
d i f f i c u l t y  i n  g e t t i n g  s a t i s f a c t o r y  a n a l y s i s  r e s u l t s  was 
e n c o u n t e r e d  t h r o u g h o u t  t h i s  work * A d i s c u s s i o n  o f  t h i s  
and p o s s i b l e  c a u s e s  i s  I n c l u d e d  i n  A ppend ix  I I ;
A d d i t i o n  o f  b rom ine  i n  a l c o h o l i c  s o l u t i o n  to  p u r i f i e d  
sa m p le s  o f  the  i n t e r m e d i a t e ,  a l s o  d i s s o l v e d  i n  a l c o h o l ,  
was c a r r i e d  o u t  and th e  p r o d u c t  a n a l y s e d .  H ere  a v e r y  
h ig h  b ro m in e  f i g u r e  s u g g e s t e d  t h a t  t h e  m a t e r i a l  was 
c o n ta m i n a t e d  w i t h  o c c lu d e d  b r o m in e ,  a s  t h e  t o t a l  o f  
a n a l y s i s  f i g u r e s  added up a l m o s t  e x a c t l y  t o  100^-* Thw 
a d d i t i o n  was ch eck e d  q u a n t i t a t i v e l y  by a d d i t i o n  o f  a known 
e x c e s s  o f  b ro m in e  s o l u t i o n ,  f i l t r a t i o n  o f  t h e  p r o d u c t ,
..........
and w e i g h i n g .  The b ro m in e  i n  th e  f i l t r a t e  was b a c k  
t i t r a t e d  by  l i b e r a t i n g  i o d i n e  from p o t a s s i u m  i o d i d e  and 
t i t r a t i n g  c o n d u c t o m e t r i c a l l y  w i t h  s t a n d a r d  t h i o s u l p h a t e  
s o l u t i o n .  The y i e l d  o f  b r o m in a t e d  p r o d u c t  showed an 
i n c r e a s e  i n  w e ig h t  s l i g h t l y  l o s s  t h a n  t h a t  f o r  one doub le  
bond .  The b a c k  t i t r a t i o n  i n d i c a t e d  t h a t  a lm o s t  e x a c t l y  
one m o la r  e q u i v a l e n t  o f  b rom ine  had b e e n  t a k e n  u p .  T hese  
r e s u l t s  s u p p o r t  a f o rm u la  c o n t a i n i n g  one r a t h e r  t h a n  two 
d o u b le  bond p e r  m o l e c u l e ,  w h i c h .f a v o u r s  s t r u c t u r e  l i b .
A p i c r a t e  was p r e p a r e d  f rom  th e  i n t e r m e d i a t e ,  and 
t h i s  was a staJ^-le y e l lo w  c r y s t a l l i n e  s o l i d  m .p .  1 9 2 ^0 , 
i n  c o n t r a s t  w i t h  th e  p i c r a t e  formed w i t h  c o n s i d e r a b l e  
d i f f i c u l t y  f ro m  t h e  y l i d e  i t s e l f .  T h i s  l a t t e r  was a 
brown s o l i d  w h ich  decomposed w i t h  some s i g n  o f  m e l t i n g  
a t  ab o u t  95^0♦ The p i c r a t e  from th e  y l i d e  would be 
e x p e c t e d  t o  be t h e  same a s  one formed from I l a ,  i n d i c a t i n g  
a t  l e a s t  t h a t  t h i s  were n o t  t h e  c o r r e c t  s t r u c t u r e  o f  t h e  
i n t e r m e d i a t e .  A n a l y s i s  of  t h e  f i r s t  m e n t io n e d  p i c r a t e  
was incom el u s i v e  b u t  t h e  c o r r e s p o n d i n g  i n t e r m e d i a t e s  i n  
e x p e r i m e n t s  u s i n g  y - p i c o l i n e  and d i m e t h y l  s u l p h i d e  gave 
p i c r a t e s  a n a l y s i n g  c o r r e c t l y  f o r  a s t r u c t u r e  a n a l a g o u s  
to  l i b ,  t h u s  c o n f i r m i n g  t h e  l a t t e r  t o  be t h e  c o r r e c t  
f o r m u l a t i o n  f o r  th e  i n t e r m e d i a t e .
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1The r e a c t i o n  scheme may t h u s  now bo w r i t t e n :
. 4 - / 7
o V
■H
T* t^  B /
/s/ A. O  H
( X )
where th e  a l t e r n a t i v e  r o u t e s  ( l )  and (2 )  p r o b a b l y  amount 
t o  th e  same th in g o
Some f u r t h e r  c o n f i r m a t i o n  d e r i v e d  from t h e  f a c t  t h a t  
on t r e a t m e n t  e v e n  o f  a p u r i f i e d  sample of  t h e  i n t e r m e d i a t e  
w i t h  sodium h y d r o x i d e , t h e  p r e s e n c e  o f  p y r i d i n e  was 
d e t e c t e d  by s m e l l  «
A r e a c t i o n  s e t  up  when o n ly  one e q u i v a l e n t  o f  p y r i d i n e  
was u s e d ,  gave a d i f f e r e n t  p r o d u c t  on t r e a t m e n t  w i t h  a l k a l i .  
I t  was a d a rk  c o l o u r e d  s o l i d ,  g i v i n g  a b lo o d  r e d  c o l o u r  i n  
s o l u t i o n ,  and s t i l l  c o n t a i n e d  b r o m in e .  A^.ain a n a l y s i s  
gave  no c o n c l u s i v e  e v i d e n c e . A p i c r a t e  was p r e p a r e d  b u t
-51-
co u ld  no t  bo r e c r y s t a l l i s e d  a s  i t  decomposed on h e a t i n g .
An a n a l y s i s  sam ple  o f  th e  p i c r a t e  was t h e r e f o r e  p r e p a r e d  
by f i l t e r i n g  a h o t  s o l u t i o n  o f  t h e  compound and 
p r e c i p i t a t i n g  t h e  p i c r a t e  w i t h  a f i l t e r e d  a l c o h o l i c  
s o l u t i o n  o f  p i c r i c  a c i d  b u t  t h e  a n a l y s i s  was i n c o n c l u s i v e . 
I I I o 4 « P r o o f  o f  t h e  s t r u c t u r e  o f  p y r i d i n i u m  
c y c l o p e n t a d i e n y l i d e □
S a t i s f a c t o r y  a n a l y s i s  r e s u l t s  on t h e  y l i d e  c o u l d  n o t  
be o b t a i n e d ,  a l t h o u g h  t h e  C:H r a t i o  was a p p r o x i m a t e l y  
c o r r e c t  * (Fo r  a d i s c u s s i o n  o f  t h i s  s e e  A ppend ix  I I ) * 
A t t e m p t s  a t  th e  p r e p a r a t i o n  o f  a m e t h i o d i d e ,  
t r i n i t r o b e n z e n e  a d d u c t  o r  p i c r a t e  u n d e r  n o rm a l  c o n d i t i o n s  
d id  n o t  g i v e  t r a c t a b l e  d e r i v a t i v e s ,  b u t  a p i c r a t e  was 
o b t a i n e d  i n  t h e  c o l d .
C a t a l y t i c  h y d r o g e n a t i o n  i n  a l c o h o l i c  s o l u t i o n  w i th  
Adams^ p l a t i n u m  o x id e  c a t a l y s t  was c a r r i e d  o u t . The 
h y d ro g e n  u p t a k e  c o r r e s p o n d e d  to  a p p r o x i m a t e l y  f i v e  
e q u i v a l e n t s , t h a t  i s  t o  say  c o m p le te  h y d r o g e n a t i o n .  The 
p r o d u c t  p ro v e d  t o  be h - c y c l o p e n t y l p i p e r i d i n e . which had 
p r e v i o u s l y  been  p r e p a r e d  bv L o e v e n i c h ,  U t s c h , M o ld r i c k x  
and S c h a e f e r  (5 3 )  from th e  r e a c t i o n  of  bromocy c l o p e n t a n e  
v'i th  p i p e  r i d i n e  .
Bromocy d o p e n t a n e  was p r e p a r e d  from c y c l o p e n ta n o n e  
by r e d u c t i o n  w i th  l i t h i u m  alum in ium  h y d r i d e  and t r e a t m e n t
-52.
o f  t h e  r e s u l t i n g  a l c o h o l  w i th  p h o s p h o r o u s  t r i b r o m i d e .  
Thence  an a u t h e n t i c  sample o f  E - c y c l o p e n t y l p i p e r i d i n e  
was p r e p a r e d ,
4  \ = 0  - — 4  I 4 ° ^
The i d e n t i t y  o f  tho two s u b s t a n c e s  was p ro v ed  by 
m e l t i n g  p o i n t  and mixed m e l t i n g  p o i n t  o f  t h e i r  p i c r a t e s  
and o x a l a t e s ,  and i n  t h i s  c a s e  a n a l y s i s  o f  t h e  p i c r a t e  
a l s o  g a v e  t h e  r e q u i r e d  f i g u r e s .
A t te m p ts  were made to  c o n f i r m  the  s t r u c t u r e  by an 
e q u i v a l e n t  w e ig h t  d e t e r m i n a t i o n  by t i t r a t i o n  w i t h  d i l u t e  
h y d r o c h l o r i c  a c i d .  However,  th e  c o l o u r  o f  th e  s o l u t i o n s  
made th e  u s e  o f  i n d i c a t o r s  d i f f i c u l t  and an  e l e c t r o m e r i c  
t i t r a t i o n  u s i n g  an a u t o m a t i c  t i t r i m e t e r  was u n s u c c e s s f u l .  
The r e s u l t s  o b t a i n e d  d i d ,  h o w ev e r ,  a g r e e  a p p r o x i m a t e l y  
w i t h  t h e  f o rm u la
-5 3 -
111 *5 o I n v e s t i g a t i o n  o f  t h e  p o s s i b l e  f o r m a t i o n  o f  o t h e r
03" c l o p e n t a c i i e n y l i d e s  n
A t o l e r a b l y  s t a b l e  y l i d e  h a v i n g  b ee n  p r e p a r e d  by th e  
s im p le  met", od d e s c r i b e d  a b o v e , i t  was s o u g h t  to  make o t h e rIcompounds o f  th e  same type ; ,  t h r e e  m e thods  were used  &
I n  th e  f i r s t ,  t h e  r e a c t i v i t y  o f  a v a r i e t y  o f  o r g a n i c  
b a s e s  w i th  d ib ro m o c y c l o p e n t o ne was t e s t e d  u n d e r  c o n d i t i o n s  
s i m i l a r  to  11o se  u s e d  w i t h  p y r i d i n e  «
The e x i s t e n c e  o f  a s t a b l e  f r e e  r a d i c a l  1 : 2 : 3 : 4 :  
p e n t a p h e n y l c y c _ l p p e n t a d i e n y l ,  ( I I I ) , (54 )  s u g g e s t e d  t h a t  s t a b l e  
cy c l o p e n t a d i e n y l i d e 8 m ig h t  be d e r i v e d  from 
t e t r a p h e n y I c y c l p p e n t a d i e n e ; i t  would i n  any c a s e  be 
i n t e r e s t i n g  to  ex a m in e  th e  e f f e c t  o f  s u b s t i t u t i o n  i n  th e  
f iv e -m em b ered  r i n g  on t h e  s t a b i l i t y  o f  t h o s e  y l i d e s .
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The t h i r d  v a r i a t i o n  in v o lv e d  th e  a s s o c i a t i o n  of  t h e  
o x o c y c l i c  p o s i t i v e  c h a rg e  w i t h  an e l e m e n t  o t h e r  t h a n  n i t r o g e n ,  
Thus t h e  p r e p a r a t i o n  o f  su lphon ium  a n a lo g u e s  was a t t e m p t e d  
( c f .  I n g o l d  and J e s s o p d i m e t h y l s u l p h o n i u m  f l u o r e n y l i d e  
(39)  )? and th e  p o s s i b i l i t y  o f  mak ing  a p y r y l i u m  y l i d e  was 
a l s o  i n v e s t i g a t e d .  I n  the  e v e n t  o f  th e  p y ry l iu m  y l i d e  b e i n g  
o b t a i n e d  a d i v e r t i n g  p o s s i b i l i t y  a p p e a r e d . T h i s  was t h a t
-5 4 -
on t r e a t m e n t  w i t h  ammonia th e  d e r i v a t i v e  s h o u ld  g iv e  r i s e  
t o  a p y r i d i n i u m  compound, which would be  an isom er  o f  t h e  
o r i g i n a l  p y r i d i n i u m  y l i d e *  The p r e p a r a t i o n  o f  a compound 
o f  t h i s  ty p e  was l a t e r  r e p o r t e d  by K ursanov  e t  a l  ( 5 0 ) ,  
a l th ruQ 'h  a d i f f e r e n t  method was used*
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111*6^ The Use o f  D i f f e r e n t  Organic B a s e s t
The r e a c t i o n  o f  s e v e r a l  d i f f e r e n t  b a s e s  w ith  
dibromoc y c lo n en ten e  was i n v e s t i g a t e d *  In  most o a s e s  th e  • 
b a s e s  were c y c l i c ,  but  h y d ra z in e  was a l s o  u s e d .  In  t h i s  
l a s t  ca se  i t  was hoped to  be a b le  to  prepare a compound 
which could  be o x i d i s e d  to  d iazo  c y c l o p en ta d ien e  so  p r o v id in g  
a r a t h e r  s im p ler  rou te  to  the  l a t t e r  compound than th a t  o f  
D oer ing  and Depuy*
As th r ee  o f  th e  b a se s  had to  be s y n t h e s i s e d ,  o u t l i n e s  o f  
the  methods employed w i l l  be mentioned f i r s t *  In  each case  
the examples  o f  a g i v e n  r i n g  type were c h o se n  w ith  a v iew  to  
e a s e  o f  p r e p a r a t io n ,  and i t  was not co n s id e r e d  w orthw hile  to  
attempt the  p r e p a r a t io n  o f  l e s s  h ig h l y  s u b s t i t u t e d  d e r i v a t i v e s *  
4 ;5  d ip h e n y l  g l y o x a l i n e . (IV )  This  was an example o f  a 
g l y o x a l i n e  which appeared most c o n v en ie n t  o f  p r e p a r a t io n .
The method o f  D av idson ,  W eiss  and J e l l i n g  ( 5 5 )  was fo l lo w ed *  
T h is  in v o lv e d  th e  c o n d e n s a t io n  o f  b e n z i l  w i th  ammonia and 
form aldehyde .
Ph . C -  O NH^ PK. C —  MJ «—'Ull'l ^ c O H. CHO PK,  C H
IV
H exam ethyIene  t e t r a m i n e  a c t s  a s  th e  s o u r c e  o f  b o t h  ammonia 
and fo rm a ld eh y d e *  The r e a c t i o n  was c a r r i e d  o u t  i n  g l a c i a l  
a c e t i c  a c i d ,  and gave a good y i e l d  o f  an e a s i l y  c r y s t a l l i s e d  
p r o d u c t*
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Te trame t h y l p y r a z l n e ♦ (v) This  was prepared by the r é d u c t i o n  
of* d i a c e t y l  monoxirre w ith  s tannous  c h l o r i d e  and h y d r o c h lo r i c  
a c id ;  f o l lo w e d  by n e u t r a l i s a t i o n  and trea tm en t  w ith
m ercu r ic  c h l o r i d e .  (5 6 )*
V CK
^ ( 4 -OH
CH
V
In a sodium a c e t a t e  a c e t i c2 ; 5 -d im e t h y lq u in o x a l in e  (V l )  
a c id  b u f f e r  s o l u t i o n ,  o -pheny l e n e diamine condenses w ith  
d i a c e t y l  or d i a c e t y l  monoxime to  g iv e  a good y i e l d  o f  
c r y s t a l l i n e  prod uct  (5 7 )#  With d i a c e t y l  the  g u in o x a l in e  
i s  formed d i r e c t l y : -
II + CH.H,
The oxime f i r s t  g i v e s  a compound ( V I l )  which may be 
con ver ted  i n t o  the d e s i r e d  p roduct  by a l k a l i *
QM';C Me.'C Me;N oH
VII
5 ; 7~dim ethy1 - 2 : 3 -b e n z o - 1 : h - d i a z e n i n e . A sample o f  t h i s
d ia z e p in e  was p rov id ed  by B.R. M a r s h a l l ,  o f  St* Andrews 
U n i v e r s i t y ,  who had prepared  i t  a c c o r d in g  to  the method o f  
H aley and M aitland  ( 5 8 )#
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The r e a c t i o n s  o f  t h e s e ,  and o th e r  b a s e s ,  w i th  
dibromocy c lo p e n te n e  were t e s t e d  under more or l e s s  standard  
c o n d i t i o n s *  A b u lk  s o l u t i o n  o f  dibromoc y c l o nentene  was 
prepared and s to red  i n  the r e f r i g e r a t o r *  The c a l c u l a t e d  
amount was prov ided  i n  each case  by u s i n g  a measured volume  
o f  the  ch loroform  s o l u t i o n *
The r e a c t i o n s  were i n  g e n e r a l  c a r r i e d  out  at  room 
tem perature i n  ch loroform  s o l u t i o n ,  and a f t e r  m ix in g ,  th e  
org a n ic  base  and the  dibromoc y c lo p en ten e  s o l u t i o n  were 
al low ed  to  stand fo r  a t  l e a s t  tw e n ty - fo u r  hours* A f te r  
removal o f  the  ch loroform  the r e s id u e  v/as e x t r a c t e d  w i t h  
w a te r ,  or d i l u t e  h y d r o c h lo r i c  a c i d ,  and th e  e x t r a c t  made 
a l k a l i n e  w i t h  sodium h ydrox ide  s o l u t i o n *  The c r i t e r i o n  
o f  y l i d e  fo r m a t io n  was ta k e n  as  the fo r m a t io n  o f  a co lo u r ed  
p r e c i p i t a t e ,  o r ,  f a i l i n g  t h a t ,  the c o l o r a t i o n  o f  a ch loro form  
l a y e r  on shak ing  w ith  the a l k a l i n e  s o l u t i o n *
The r e s u l t s  i n  p r a c t i c a l l y  a l l  the c a s e s  t r i e d  were 
d i s a p p o i n t i n g  and are summarised i n  Table I* The 
s u b s t i t u t e d  p y r i d i n e s  were s u c c e s s f u l  in  some measure  
however,  and y - p i c o l i n e  gave an y l i d e  e x a c t l y  comparable  
w ith  th a t  from p y r id in e *  It-  d i f f e r e d  v e r y  s l i g h t l y  in  
c o l o u r ,  and r e s i s t e d  c a t a l y t i c  h y d ro g en a t io n  even  w ith  
f r e s h l y  prepared Adams^ p l a t i n i c  ox ide  c a t a l y s t *
58.
In c o n s i d e r i n g  p o s s i b l e  p r o d u c ts  o f  o x i d a t i o n  o f  
^ - p i ô o l i n i n m  c y c l o p e n t a d i e n y i i d e  « the fo rm a t io n  o f  one 
w ith  the  s t r n c t n r e  V III  would i n d i c a t e  t h a t  the  
c y c lo p e n t a d i e n y l  r in g  were more s t a b l e  to  o x i d a t i o n  than  
a m ethyl  s i d e - c h a i n #
V III
The p r e p a r a t io n  o f  t h i s  compound was t h e r e f o r e  
attem pted  from i s o n i c o t i n i c  a c id  $ and a r e a c t i o n  between  
dibromoc y c lo p en ten e  and I s o n i c o t i n i c  a c id  was s e t  up#
I t  was a l s o ?  however? n o t  s u c c e s s f u l .
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R e a c t i o n  o f  d lb ro m o c y c 1 on e n te n e  w i th  Ammonia and A n i l i n e •
The f i r s t  a t t e m p t s  a t  t h e  p r e p a r a t i o n  o f  y l i d e s  i n  
t h e  p r e s e n t  work were made u s i n g  ammonia and a n i l i n e  as  t h e  
n i t r o g e n o u s  ba ses#  A l th o u g h  c o l o u r e d  p r o d u c t s  were 
o b t a i n e d  i n  e a c h  c a s e  t h e i r  i n s t a b i l i t y  made them v e r y  
d i f f i c u l t  t o  work w i t h ,  and l o s s  t im e was d e v o te d  t o  t h e i r  
s tu d y *
R e a c t i o n  w i th  Ammonia#
Dibrom oc y c l o p e n t e n e  was p r e p a r e d  i n  the  u s u a l  m anner ,  
th e  c h lo ro f o rm  b e i n g  removed u n d e r  r e d u c e d  p r e s s u r e #  A 
s l i g h t  e x c e s s  o f  ,8 8 0  ammonia s o l u t i o n  was sh a k e n  w i t h  th e  
bromo compound i n  a s t o p p e r e d  f l a s k *  There was no 
im m ed ia te  r e a c t i o n ,  b u t  a f t e r  a b o u t  t h i r t y  m i n u t e s  s u f f i c i e n t  
p r e s s u r e  was b u i l t  up  t o  e j e c t  t h e  s t o p p e r #  The r e a c t i o n  
m i x t u r e  was r e d ,  w i t h  some t a r r y  m a t e r i a l  s t i c k i n g  to  t h e  
w a l l s  o f  th e  f l a s k *  The m i x t u r e  was e x t r a c t e d  w i t h  w a t e r ,  
g i v i n g  a re d  s o l u t i o n  and l e a v i n g  t h e  t a r  u n d i s s o l v e d *
No c o l o u r e d  m a t e r i a l  f rom t h e  aq u eo u s  s o l u t i o n  was e x t r a c t e d  
i n t o  e t h e r ,  c h l o r o f o r m  or  b e n z e n e ,  b u t  some e x t r a c t i o n  was 
a c h ie v e d  w i th  m e th y le n e  d i c h l o r i d e *  E v a p o r a t i o n  o f  t h e  
s o l v e n t  l e f t  a r e d  gum wh ich was v e r y  s e n s i t i v e  t o  h e a t ,  
and no l o n g e r  s o l u b l e  i n  w a t e r#  An a l c o h o l i c  s o l u t i o n ,  
on t r e a t m e n t  w i th  p i c r i c  a c i d  s o l u t i o n ,  gave a y e l l o w  
p r e c i p i t a t e  wh ich d a rk e n e d  r a p i d l y *
A c h l o r o f o r m  s o l u t i o n  o f  d ib rom oc y c l o p e n t e n e  was 
a l l o w e d  t o  s tan d  o v e r n i g h t  w i t h  l i q u i d  ammonia* When t h e
- 6 2 -  .
ammonia had e v a p o r a te d ,  t h e  r e s i d u e  c o n t a i n e d  no c o l o u r e d  
m a t e r i a l ,  n o r  d id  i t  show a n y  r e a c t i o n  w i th  sodium 
h y d r o x id e  s o l u t i o n *
A n i l i n e o
Dibromocy c l o p e n t e n e  was a l l o w e d  t o  r e a c t  w i t h  a n i l i n e  
a t  a b o u t  - lO ^ G $ The r e s u l t a n t  s l u d g e  was e x t r a c t e d  w i th  
c h l o r o f o r m ,  t h e  r e d  s o l u t i o n  e v a p o r a t e d  u n d e r  r e d u c e d  
p r e s s u r e  and f i n a l l y  i n  a vacuum d e s i c c a t o r .  A ' p u f f y * ,  
p l a s t i c - l i k e  p r o d u c t  was o b t a i n e d  which  c o u ld  be  c ru m b le d  
to  a l i g h t  b r o w n - r e d  s o l i d .  T h i s  m a t e r i a l  was s e n s i t i v e  
to  h e a t , and r e c r y s t a l l i s a t i o n  was made a l m o s t  i m p o s s i b l e  
a s  a l e s u l t , The c o l o u r  o f  i t s  s o l u t i o n  was d i s c h a r g e d  
by a c i d  and r e s t o r e d  b y  a l k a l i .  A n a l y s i s  d i d  n o t  c o r r e s ­
pond w i th  a s im p le  f o rm u la  such  a s  IX, and no t r a c t a b l e  
d e r i v a t i v e s  were o b t a i n e d .
IX
C a t a l y t i c  h y d r o g e n a t i o n  was i n c o n c l u s i v e *  The 
h y d r o g e n a t i o n  p r o d u c t  d id  n o t  g i v e  t h e  same d e r i v a t i v e s  
a s  an a u t h e n t i c  sample o f  N - c y c l o p e n t y l a n i l i n e , p r e p a r e d  
by t h e  method o f  L o e v e n ic h  e t  a l . ( 5 3 ) . .  A c é t y l a t i o n  o f  
t h e  r e d u c t i o n  p r o d u c t  gave  a s o l i d  wh ich d id  n o t  d e p r e s s  
th e  m e l t i n g  p o i n t  o f  a sam ple  o f  a c e t a n i l i d e *  I t  may be 
n o t e d  t h a t  S p o o n ce r  (4 7 )  o b t a i n e d  t r i m e t h y l a m i n e  on
- 6 3 -
c a t a l y t i c  h y d r o g e n a t i o n  o f  t r im ethy lam m onium  
c y c l o p e n t a d l e n v l i d e .
The s t r u c t u r e  o f  th e  brown re d  s u b s t a n c e  r e m a in s  i n  
d o u b t .
'64'
I I I  * 7 • A l t e r n a t i v e  s o u r c e s  o f  th e  f i v e  - membered r in g :*
A method f o r  th e  p r e p a r a t i o n  o f  p h e n y l a t e d  
c y c lo p e n t a d l e n y l l d e s  seemed p o s s i b l e ,  by t h e  r e a c t i o n  o f  
p y r i d i n e , o r  o t h e r  b a s e s  ; w i t h  l -b ro m o ‘^ 2 : 3 : Uî 5 -  
t e t r a p h e n y l c y c l p p e n t a d i e n o j  and o t h e r  s i m i l a r  p h e n y l a t e d  
c y c l o p e n t a d i e n e s a  The f o r m a t i o n  o f  i n d e n y l i d e s  was a l s o  
b r i e f l y  i n v e s t i g a t e d
2 : 3 : 4 : 5 - T e t r a p h e n y l c y c lo p o n t a d i e n e  ( V I I I ) .
I n  t h e  p a p e r  r e p o r t i n g  th e  p r e p a r a t i o n  o f  t h e  s t a b l e  
f r e e  r a d i c a l  p e n t a p h e n y l c y c l o p e n t a d i e n y l * Z i e g l e r  and 
S c h n e l l  (3 4 )  gave a  method f o r  th e  p r e p a r a t i o n  o f  2 : 3 : 4 : 3 -  
t e t r a p h e n y l o y c lo p e n t a d i e n e  ( V I I l ) »  T h i s  c o n s i s t s  o f  t h e  
c o n d e n s a t i o n  o f  d o s o x y b e n z o in  w i t h  fo rm a ld eh y d e  i n  m e t h a n o l i c  
c a u s t i c  p o t a s h  s o l u t i o n  t o  g iv e  m e th y le n e  b i s d e s o x y b e n z o i n ,  
which  was r i n g  c l o s e d  by  r e d u c t i o n  w i th  z i n c  and a c e t i c  a c i d , 
The r e s u l t a n t  d i o l  was d e h y d r a t e d  by c o n c e n t r a t e d  s u l p h u r i c  
a c i d  i n  b o i l i n g  g l a c i a l  a c e t i c  a c id *  D e so x y b e n z o in  was 
made by r e d u c t i o n  o f  b e n z o i n  w i t h  z i n c  d u s t  i n  b o i l i n g  a c e t i c  
a c i d  g or  by a P r i e d e l  C r a f t s '  r e a c t i o n  w i th  p h e n y l a c e t y l  
c h l o r i d e  and b e n z e n e #
P U, C H , . CO F4-. P h  -  c  H -  CO PK.
PK
P ' h  ^—  ^ >CH — P h
'"'z I — ^
_  '  c  W —  c(ohÙ -  PhI ' K
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coPh.
V I I I
TBl3 h y d r o c a r b o n  ( V I I l )  had  b e e n  b ro m in a t e d  i n  th e  
1 - p o s i t i o n  by  K a in e r  ( 5 9 )? u s i n g  ^ - b r o m o - s u c c i n i m i d e  i n  
c a rb o n  t e t r a c h l o r i d e #  An a l t e r n a t i v e  p r e p a r a t i v e  r o u t e  
f o r  t h i s  bromo compound was a l s o  i n v e s t i g a t e d #  As 
t e t r a p h e n y l c y c l o p e n t a d i e n o n e  can bo v e ry  e a s i l y  p r e p a r e d  
from b e n z i l  and d i b e n z y l  k e t o n e  ( 6 0 ) i t  was u se d  a s  s t a r t i n g  
m a t e r i a l .  The r e d u c t i o n  o f  t h i s  k e to n e  h a s  b ee n  s t u d i e d  
( 6 1 ) j, b u t  no s a t i s f a c t o r y  r e a c t i o n  h a s  b e e n  found  t o  y i e l d  
t e t r a p h e n y l c y o l o p e n t a d i e n e  # R e v e rse  r e d u c t i o n  w i t h  l i t h i u m  
a lum inium  h y d r i d e  g i v e s  th e  r a t h e r  u n s t a b l e  a l c o h o l  (IX) 
and i t  was t h o u g h t  t h a t  t r e a t m e n t  o f  t h i s  a l c o h o l  w i t h  
phosphorus  t r i b r o m i d e  m ig h t  y i e l d  th e  1-bromo compound* No 
t r a c t a b l e  s o l i d  was o b t a i n e d  i n  t h i s  way, and no more work 
was done i n  t h i s  d i r e c t i o n  a s  i t  seemed t h a t  i t  was i n  
f a c t  a l e s s  s a t i s f a c t o r y  m e t h o d #
Ph
Of/
IX
F o rm a t i o n  o f  y l i d e s  from l - b r o m o - 2 ; 3 : U : 5 - t e t r a p h e n y l  
e y e 1 op e n t a d i e n e .
I n  g e n e r a l  th e  bromo compound was a l lo w e d  to  r e a c t  
w i t h  an esccess o f  t h e  o r g a n i c  b a s e  a t  room t e m p e r a t u r e  f o r  
a t  l e a s t  t w e n t y - f o u r  h o u r s . The q u a t e r n a r y  s a l t ,  e . g .  X, 
u s u a l l y  c r y s t a l l i s e d  o u t ,  and was f i l t e r e d  o f f  and f r e e d  
from b a s e  by  w a sh in g  w i t h  hexane  o r  p e t ro l e u m  e t h e r *
—66—
These b ro m id e s  co u ld  n o r m a l l y  be r e - c r y s t a l l i s e d  from 
a l c o h o l  and a r e  q u i t e  i n s o l u b l e  i n  w a t e r*
The e l e m e n t s  o f  h y d ro g e n  b rom ide  co u ld  be removed v e r y  
e a s i l y *  A l th o u g h  th e  s a l t  does  n o t  r e a c t  w i t h  sod ium 
h y d ro x i d e  i n  aqueous  s o l u t i o n ,  a b l u e - p u r p l e  c o l o r a t i o n  
was ob ta in ed  on a d d i t i o n  o f  a l i i t l e  a l c o h o l  o r  a c e t o n e  
to  an aqueous  s u s p e n s i o n  o f  t h e  b r o m id e .  A c c e l e r a t i o n  
o f  t h i s  r e a c t i o n  i s  n a t u r a l l y  a c h ie v e d  by a d d i t i o n  o f  
sodium h y d r o x id e  s o l u t i o n ,  w h e r e a t  a c r y s t a l l i n e  
p r e c i p i t a t e  o f  t h e  d a r k  b lu e  c o l o u r e d  y l i d e ,  e . g .  X I ,  
i s  o b t a i n e d : -
Ph
X
XI
These  y l i d e s  a p p e a r  t o  be c o m p le t e ly  s t a b l e  i n  th e  s o l i d  
s t a t e ,  but i n  s o l u t i o n  t h e y  decompose q u i t e  r a p i d l y .
T h e i r  s o l u t i o n s  v a r y  i n  c o l o u r  w i t h  t h e  p o l a r i t y  o f  th e  
s o l v e n t ,  b e i n g  red  i n  a l c o h o l  and b l u e  i n  benzene  and o t h e r .
The l i q u o r s  a f t e r  s e p a r a t i o n  of  th e  s a l t  were  d i l u t e d  
w i t h  w a t e r  and a dark brown s o l i d  was p r e c i p i t a t e d .  T h i s  
vms shown t o  be t e t r a p h o n y I c y c l o p e n t a d i e n o n e  by means of  
t h e  m e l t i n g  p o i n t s  and mixed m e l t i n g  p o i n t s  o f  th e  two,
- 6 7 -
and o f  t h e i r  m a le i o  a n h y d r i d e  a d d u o t s*  The m ost  s i m p l e ,  
b u t  r a t h e r  u n l i k e l y ,  e x p l a n a t i o n  was t h a t  i n  th e  r e a c t i o n  
w i th  N -b ro m o su c e in im id e  some dibromo d e r i v a t i v e  had been  
fo rm e d ,  and t h a t  t h i s  had  b e e n  h y d r o l y s e d  t o  g iv e  
t e t r a p h e n y I c y c l o p e n t a d i e n o n e , However t h i s  i d e a  had to  
be d i s c a r d e d  a s  th e  o r i g i n a l  bromo compound showed no 
r e a c t i o n  on s t a n d i n g  i n  a q u e o u s ,  or  a q u eo u s  a l c o h o l i c  
s o l u t i o n  e v e n  i n  th e  p ro  sonee  of  sodium h y d ro x id e *  The 
f o r m a t i o n  o f  t o t r a p h e n y l c y c l o p e n t a d ie n o n e  m ig h t  o th e r w i s e  
have  b e e n  ca u sed  by h y d r o l y s i s  o f  t h e  s a l t  f o l l o w e d  by 
a t m o s p h e r i c  o x i d a t i o n *
The r e l a t i v e  e a s e  o f  f s e p a r a t i o n  o f  a n  i n t e r m e d i a t e  
made t h e  c o u r s e  o f  t h e s e  r e a c t i o n s  much e a s i e r  t o  fo l lo w *  
The y l i d e s  them s e l v e s  p ro v e d  v e r y  d i f f i c u l t  o f  
r e c r y s t a l l i s a t i o n ,  b u t  t h e  s a l t s  caused  no su c h  p ro b lem s  
and th u s  a r e a s o n a b l y  p u re  f i n a l  p r o d u c t  co u ld  be o b ta in e d *  
As b e f o r e ,  s a t i s f a c t o r y  a n a l y s e s  were v e r y  d i f f i c u l t  t o  
o b t a i n ,  c a rb o n  and h y d ro g e n  r a r e l y  g i v i n g  th e  a n t i c i p a t e d  
f i g u r e s .  A r e a s o n a b l e  c o r r e s p o n d e n c e  was g o t  f o r  
n i t r o g e n ,  and i n  th e  c a s e  o f  t h e  s a l t ,  a l s o  f o r t r o m i n e *
A s i m i l a r  r a n g e  o f  o r g a n i c  b a s e s  a s  b e f o r e  was 
r e a c t e d  a n d  t h e  r e s u l t s  o b t a i n e d  f o l l o w e d  t h e  same g e n e r a l  
p a t t e r n ,  - P i  c o l  i n e  gave  a v e ry  much s m a l l e r  y i e l d ,  and
2 : 6 - l u t i d i n e  a n e g l i g i b l e  amount o f  c o l o u r e d  m a t e r i a l .  I n  
f a c t ,  i n  th e  l a t t e r  c a s e  th e  hyd robrom ido  o f  t h e  b a s e  was
-6 8 -
t h e  p r i n c i p a l  p r o d u c t .  The low r e a c t i v i t y  i n  t h e s e  
i n s t a n c e s  may p re su m a b ly  be a t t r i b u t e d  to  s t e r i c  
i n h i b i t i o n  c a u s e d  by t h e m e t h y l  g roups*
The q u i n o l i n e s  gave b e t t e r  e v id e n c e  o f  y l i d e  fo rm a t i o n *  
I n  the  c a s e  o f  q u i n o l i n e  i t s e l f  no s a l t  c r y s t a l l i s e d  ev en  
a f t e r  t h r e e  o r  f o u r  m o n t h s , e v e n  on a d d i t i o n  o f  p e t ro l e u m  
e t h e r  « However,  an a l c o h o l i c  s o l u t i o n  o f  th e  r e a c t i o n  
m ix tu re  gave a b lu e  p r e c i p i t a t e  on making a l k a l i n e ,
4: 5“‘d i p h e n y l g l y o x a l i n e  and 5: 7 -d ime th y  1 -2 :  3 - b e n z o -  
d i a z e p i n e  b o th  f a i l e d  t o  g ive  any e v id e n c e  o f  r e a c t i n g  w i t h  
th e  l - b r o m o - 2 ; 3 : 4 ; 3 ‘^ t o t r a p h e n y l c y c l o p e n t a d i e n e  even  on 
r e f l u x i n g  i n  n i t r o m e t h a n e - b e n z e n e  m i x t u r e s .
P i c r a t e s  c o u ld  be  p r e p a r e d  e i t h e r  f rom th e  q u a t e r n a r y  
s a l t s  or  t h e  y l i d e s .  These w e r e ,  a s  a n t i c i p a t e d ,  i d e n t i c a l  
and gave  more s a t i s f a c t o r y  a n a l y s i s *
The r e s u l t s  o b t a i n e d  a r e  summar ised i n  T ab le  I I ,
■69*
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2 : 5'"(3 i p h e n y l cyc iQ-pe n t a d  l e  ne was p r e p a r e d  b y  c o n d e n s in g
e t h y l  y ^ - b e n z o y l p r o p i o n a t e  w i th  a c e to p h e n o n e  i n  dry  b en z en e
i n  th e  p r e s e n c e  o f  sodinir  e t h o x i d e  (62)  ♦
P b  , CO . CH^
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i
D C I t
r  P K
X I I
B r o m i n a t i o n  w i th  N -b ro m o su c c in im id e  d id  n o t  g iv e  t h e  d e s i r e d  
p r o d u c t ;  p o s s i b l y  t h e  f r e e  r a d i c a l  n a t u r e  o f  t h e  r e a c t i o n  
ca u sed  p o l y m e r i s a t i o n  to  s e t  in« A d d i t i o n  o f  one m o le c u le  
o f  b romine t o  t h i s  compound was a t t e m p t e d , b u t  no p r o m i s i n g  
r e s u l t s  were o b t a i n e d *
The p r e p a r a t i o n  o f  3 î U - d l p h e n y l c y c l o p o n t a d i e n e  was 
a t t e m p t e d  from d ib e n z o y lp r o p a n e ^  wh ich was i t s e l f  
s y n t h e s i s e d  v i a  e t h y l  b e n z o y l a c e t a t e  and e t h y l  
d i b e n z o y l g l u t a r a t e  (6 3 )*  The f i n a l  s t e p s  were t o  have 
b ee n  p in a c o n e  r e d u c t i o n  o f  t h i s  d i h e t o n e  and d e h y d r a t i o n  
o f  the  r e s u l t a n t  c y c l i c  d i o l *  V a r io u s  m e thods  o f  p in a c o n e  
r i n g  c l o s u r e  were u se d  w i t h o u t  s u c c e s s *  O th e r  w o rk e r s  
(64)  have  a l s o  r e p o r t e d  d i f f i c u l t y  w i t h  t h i s  and 
r e l a t e d  r i n g  c l o s u r e s . The most c o n v e n i e n t  method a v a i l a b l e  
a p p e a r e d  t o  b e  t h e  u s e  o f  z i n c  i n  b o i l i n g  a c e t i c  a c id ^  and 
t h i s  was more t h o r o u g h l y  i n v e s t i g a t e d .  However,  d e s p i t e
•71*
r i g o r o u s  p u r i f i c a t i o n  o f  t h e  a c e t i c  a c i d  and t h e  u se  o f  
a v a r i e t y  o f  d i f f e r e n t  g r a d e s  o f  z i n c ,  no d i o l  was o b t a i n e d .  
The d i o l  h a s  b e e n  p r e p a r e d  by J a p p  and M ich ie  ( 6 3 )5  a l t h o u g h  
by a r a t h e r  l e n g t h y  method im ^ o lv in g  t h e  u se  o f  a lum in ium  
amalgam i n  w e t  e t h a n o l , and t h i s  m a t t e r  may be  f u r t h e r  
i n v e s t i g a t e d •
I n d e n e ,
A co m p a r iso n  o f  s t a b i l i t y  be tw een  f l u o r e n y l i d e s , 
i n d e n y l i d e s  and c y c l o p e n t a d i e n y l i d e s  was o b t a i n e d  by m aking 
a n  i n d e n y l i d e  from 1 -b ro m o in d en e  ( c f . 8 6 ) , p r e p a r e d  from 
i n d e n e  by r e a c t i o n  w i t h  H -b r o m o s u c c in i m id e • On t r e a t m e n t  
o f  th e  brom oindeno  w i t h  p y r i d i n e  a deep r e d  s o l u t i o n  was 
o b t a i n e d ;  a d d i t i o n  o f  a l k a l i  gave a d a r k  b l u e  m a t e r i a l  
w h ich  when e x t r a c t e d  i n t o  c h l o r o f o r m  im p a r t e d  a b l u e  
c o l o r a t i o n  t o  t h e  s o l u t i o n .  The s o l i d  d a rk e n e d  r a p i d l y ,  
and th e  c o l o u r  o f  t h e  s o l u t i o n  f a d e d  i n  a few m i n u t e s .
Thus p y r i d i n i u m  i n d e n y l i d e  i s  l e s s  s t a b l e  t h a n  th e  
cy c l o p e n t a d l e n y l l d e  g and o f  a b o u t  t h e  same s t a b i l i t y  a s  th e  
f l u o r e n y l i d e 8 The c o m p a r a t i v e  i n s t a b i l i t y  o f  in d e n e
i t s e l f  i n d i c a t e s  t h a t  t h e  2 :3  bond can  be t h o u g h t  o f  a s  an 
i s o l a t e d  dou b le  b o n d , and t h e  low er  a c i d i t y  compared v / i th  
cy e l ope n t  a d ie  ne i s  a t t r i b u t e d  t:; the  r e l a t i v e l y  s m a l l e r  
i n c r e a s e  i n  r e s o n a n c e  e n e rg y  o f  t h e  m o le c u le  i n  fo rm in g  an  
i o n ,  t h e r e  a l r e a d y  b e i n g  s u b s t a n t i a l  r e s o n a n c e  e n e rg y  from 
t h e  benzene  n u c l e u s  « In d e n e  i s  more a c i d i c  t h a n  f l u o r e n e ,
'72.
and a s  t- i s  i s  a b o u t  t h e  o n ly  p h y s i c a l  m easu rem en t  wh ich 
ca n  be u s e f u l l y  a p p l i e d  t o  th e  p r e d i c t i o n  o f  s t a b i l i t y  o f  
compounds such  a s  y l i d e s ,  we m ig h t  e x p e c t  t h e  i n d e n y l i d e s  
to  be more s t a b l e  t h a n  f l u o r e n y l i d e s . I t  i s  d i f f i c u l t  to  
f i n d  a s a t i s f a c t o r y  r e f e r e n c e  s t a n d a r d  i n  such m a t t e r s ,  
and i n  any c a s e  t h e  i n c r e a s e d  m o l e c u l a r  w e ig h t  o f  t h e  
f l u o r o n e  compounds m ig h t  b e s to w  a d d i t i o n a l  s t a b i l i t y  
s u f f i c i e n t  to  a c c o u n t  f o r  any r e s o n a n c e  d i f f e r e n c e s *
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I I I . 8 .  A t tem p ted  p r e p a r a t i o n  o f  y l i d e s I h  wh ich th e  
p o s i t i v e  ch a rg e  i s  a s s o c i a t e d  w i t h  atoms o t h e r  t h a n  n i t r o g e n • 
S u l p h u r .
In g o ld  and J e s s o p  fo u n d  t h a t  th e  d im e t h y l s u lp h o n iu m  
f l u o r e n y l i d e  was c o n s i d e r a b l y  more s t a b l e  t h a n  th e  
t r i m e t h y l  ammonium d e r i v a t i v e  (3 9 )?  so i t  was d e c id e d  t o  
a t t e m p t  t h e  p r e p a r a t i o n  o f  t h e  c o r r e s p o n d i n g  c y c l o p e n t a d i e n y l  
d e r i v a t i v e s #
D ip h e n y l  s u l p h i d e ,  i n  k e e p i n g  w i t h  i t s  r e l u c t a n c e  t o  
form su lphon ium  s a l t s ,  d i d  n o t  r e a c t  w i t h  l - b r o m o - 2 : 3 : 4 : 3 -  
t e t r a p h e n y l c y c l o p e n t a d i e n e  e v e n  i n  b o i l i n g  n i t r o m e t h a n e .
D im e th y l  s u l p h i d e  was a l lo w e d  t o  s t a n d  w i t h  1 -b ro m o -  
2 : 3 : 4 : 3 - t e t r a p h e n y l c y c l o p e n t a d i e n e  i n  ( a )  b e n z e n e  s o l u t i o n  
(b )  a m i x t u r e  o f  n i t r o m e t h a n e  and b e n z e n e ,  f o r  a b o u t  two 
mon ths#  L i t t l e  r e a c t i o n  a p p e a re d  t o  have  t a k e n  p l a c e  
a l t h o u g h  th e  s o l u t i o n  b e c a . e  s l i g h t l y  r e d  i n  c o lo u r#
A l k a l i n e  t r e a t m e n t  o f  sam p les  o f  th e  r e a c t i o n  p r o d u c t s  
d id  n o t ,  i n  e i t h e r  c a s e ,  y i e l d  any c o l o u r e d  p r o d u c t s #  On 
rem o v a l  o f  th e  s o l v e n t s  f rom th e  r e a c t i o n  m i x t u r e s  a d a r k  
s o l i d  was o b t a i n e d , w h ich was p roved  to  be 
t e t r a p h e n y l c y c l o p e n t a d i e n o n e  by m e l t i n g  p o i n t  and mixed 
m e l t i n g  p o i n t  d e t e r m i n a t i o n #
More p r o m i s i n g  r e s u l t s  were  o b t a i n e d  by a l l o w i n g  
d i m e t h y l  s u l p h i d e  t o  r e a c t  w i t h  d ibrom oc y c l o p e n t e n e  i n  
c h lo ro f o rm  s o l u t i o n .  A f t e r  s t a n d i n g  o v e r n i g h t  a v i s c o u s
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brov/n m a t e r i a l  was o b t a i n e d ,  w h ich  co n ld  n o t  be c r y s t a l l i s e d  i 
A p i c r a t e  was p r e p a r e d ,  and t h i s  a n a l y s e d  c o r r e c t l y  f o r  
X l l l a ,  i n d i c c t i n g  t h a t  th e  i n t e r m e d i a t e  X I l i b  had been  
f o r m e d •
X l l l b
A l k a l i n e  t r e a t m e n t  o f  t h e  i n t e r m e d i a t e ,  b u t  n o t  o f  th e  
p i c r a t e ,  y i e l d e d  a re d - b ro w n  o i l y  p r e c i p i t a t e .  T h i s  was 
t a k e n  up  i n  c h l o r o f o r m ,  and on rem ova l  o f  th e  s o l v e n t  a 
r e d - h ro w n  s o l i d  p r o d u c t  was o b t a i n e d .  T h i s  g av e  a b ro w n -  
y e 11ow c o l o u r  i n  s o l u t i o n ,  t h e  shade v a r y i n g  s l i g h t l y  w i t h  
t h e  p o l a r i t y  o f  th e  s o l v e n t .  T h i s  p r o d u c t  was assumed t o  
be d im e t h y l  su lphon ium  c y c l o p e n t a d i e n y l i d e  (XIV) ,  a l t h o u g h  
a s a t i s f a c t o r y  e l e m e n t a r y  a n a l y s i s  c o u ld  n o t  be o b t a i n e d .
XIV
On t r e a t m e n t  o f  XIV w i t h  ben z en e  d ia z o n iu m  c h l o r i d e ,  
a d a rk  red  p r e c i p i t a t e  was o b t a i n e d  wh ich d i s s o l v e d  i n  
o r g a n i c  s o l v e n t s  t o  g iv e  r e d  s o l u t i o n s .  A g a in  a n a l y s i s  
d id  n o t  c o r r e s p o n d  w e l l  w i t h  a s im p le  p r o d u c t  such  as
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XV. ( c f .  (U9) ) .
•f
S  M e a
P K
XV
No t r a c t a b l e  p i c r a t e  was o b t a i n e d  from e i t h e r  th e  y l i d e  
o r  th e  d i a z o  compound. The y l i d e  h o w ev e r ,  gave a d e e p  b lu e  
s o l u t i o n  w i t h  c h l o r a n i l ,  wh ich f a d e d  s lo w ly  on s t a n d i n g .  
Oxygen .
The p r o j e c t e d  p y r y l i u m  y l i d e  f o r m a t i o n  i n v o l v e d ,  i n  
e f f e c t ,  mak ing a f u l v e n e  (X V l) ,  and t h e n  m aking  i t s  s a l t  
(XVIl)  by t r e a t m e n t  w i t h  a c i d .
0 4 -  X
XVI XVII
F o r  th e  sake  o f  h a v i n g  i n t e r m e d i a t e s  w h ich would be 
e x p e c t e d  to  be more s t a b l e  and e a s y  t o  h a n d l e , a s u b s t i ­
t u t e d  c y c l o p e n t a d i e n y l  compound was u s e d , Two r o u t e s  
were c o n s i d e r e d , namely t o  co n d e n se  w i t h  th e  d i e ne a 
s u b s t a n c e  s u i t a b l e  f o r  r i n g  c l o s u r e  t o  a p y r y l i u m  s a l t ,  
o r  to  r e a c t  a G r i g n a r d  r e a g e n t  from th e  d ie n e  v / i th  a 
^ ' - p y r o n e .
A ce tone  d i c a r b o x y l i c  e s t e r  would be p o s s i b l e  r e a c t a n t  
i n  t h e  f i r s t  r o u t e  and a r e a c t i o n  scheme was e n v i s a g e d  a s
- 7 6 -
f o l l o w s ,  w i t h  s u b s e q u e n t  r i n g  c l o s u r e  by h e a t i n g  w i t h
h y d r o c h l o r i c  a c i d :
/ .  H > * Coo£t 
CH^, Coo£ t
Pk Pk
c o a C l
T h i s  was n o t  f o l lo w e d  up a t  th e  t im e ,  a s  2 : 6 - d i m e t h y l  
y -p y ro n e  was more e a s i l y  a c c e s s i b l e  t h a n  a c e t o n e  d i c a r b o x y l i c  
e s t e r .  I t  was p r e p a r e d  by h e a t i n g  d e h y d r o a c e t i c  a c i d  w i t h  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  \
A l th o u g h  c a r b o n y l  a c t i v i t y  i s  c o n s i d e r a b l y  red u ced  i n  
^ - p y r o n e s , B a e y e r  and P i c c a r d  (65 )  r e c o r d  t h e  r e a c t i o n  of  
2; 6 "^ d lm e th y l -y -p y ro n e  w i t h  m e th y l  magnesium b r o m id e ,  so 
t h a t  i t  was hoped t o  employ one of  t h e  g e n e r a l  m e thods  o f  
f u l v e n e  f o r m a t i o n ,  u s i n g  a c y c l o p e n t a d i e n y l  magnesium 
brom ide  : -
M q &&
CM
o
CM3
'7
-) = /  V  Ac,
CN.
CW
P*^
CH
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ïn  a c i d  s o l u t i o n  t h e r e  would h e  th e  c o n f l i c t i n g  t e n d e n c y  
o f  t h e  f iv e -m em b ered  r i n g  t o  t a k e  up  a p r o t o n ,  and t h e  
a c i d i t y  would o b v i o u s l y  need  c a r e f u l  c o n t r o l ,
P a u so n  {6U9 6 9 ) a t t e m p t e d  th e  p r e p a r a t i o n  of 
t e t r a p h e n y l c y c l o p e n t a d i e n y l  magnesium b r o m id e ,  a p p a r e n t l y  
w i t h o u t  s u c c e s s ,  b u t  had b e t t e r  e v i d e n c e  f o r  t h e  f o r m a t i o n  
o f  th e  l i t h i u m  d e r i v a t i v e ,  Weinmayr ( 8 8 ) ,  a l s o  i n v e s t i ­
g a t i n g  a r y l a t e d  f c r r o c e n e s ,  made the  s o d i o  d e r i v a t i v e  o f  
t e t r a p h e n y l c y c l o p e n t a d i o ne by th e  a c t i o n  of  sodam ide  i n  
l i q u i d  ammonia.
I n  t h e  p r e s e n t  work p r o t r a c t e d  a t t e m p t s  t o  p r e p a r e  
t c t r a p h e n y l c y c l o p e n t a d i e n y l  magnesium bromide  were  u n ­
s u c c e s s f u l ,  and a s  e x p e r i m e n t s  w i t h  c y c l o p e n t a d i e n y l  
magnesium brom ide  and 2: 6*-dime t h y  1 ^ -p y ro n e  y i e l d e d  no 
p r o m is in g  r e s u l t s  i t  was n o t  c o n s i d e r e d  t o  be e c o n o m ic a l  
i n  t im e  t o  p u r s u e  t h i s  a p p ro a c h  f u r t h e r .
The s o d io  d e r i v a t i v e  o f  t o t r a p h e n y l c y c lo p e n t a d i e n e  
was t h e r e f o r e  p r e p a r e d  and r e a c t e d  w i t h  th e  y - p y r o n e , A 
l i g h t  brown p r o d u c t  was o b t a i n e d ,  wh ich was c r y s t a l l i s e d  
from a l c o h o l .  A n a l y s i s  d id  n o t  c o r r e s p o n d  t o  th e  e x p e c t e d  
p r o d u c t  and d e h y d r a t i o n  was u n s u c c e s s f u l ,
B e ck e r  and h i s  c o - w o r k e r s  (66)  p r e p a r e d  t c t r a p h e n y l -  
f u l v a l e n e  by th e  t r e a t m e n t  o f  t e t r a p h e n y l c y c l o p e n t a d i e n o n e  
w i t h  c y c l o p e n t a d i e n y l  magnesium b ro m id e .  As a means o f  
t e s t i n g  f o r  th e  p r e s e n c e  o f  t h e  r e q u i r e d  o r g a n o - m e t a l l i c
—78—
d e r i v a t i v e  of  t e t r a p h e n y l c y c l o p e n t a d i e n e , th e  s u s p e c t e d  
m a t e r i a l  was r e a c t e d  w i t h  t e t r a p h e n y l c y c l o p e n t a d i e n o n e . 
No r e a c t i o n  was found  w i t h  th e  magnesium d e r i v a t i v e > 
th e  s o d i o  d e r i v a t i v e  gave  a s u b s t a n c e  wh ich d i d  n o t  
a n a l y s e  f o r  t h e  e x p e c t e d  p r o d u c t ,  n o r  d id  i t  d e h y d r a t e  
u n d e r  th e  c o n d i t i o n s  u sed  by B e c k e r ,
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I l l #9. C hem ica l  P r o p e r t i e s  o f  r v r i d i n i u m  
c y c l o p e n t a d i e n y l i d e s •
S t a b i l i t y ,
The s t a b i l i t y  o f  t h e  c y c l o p e n t a d i e n y l i d e s  wh ich have  beer: 
p r e p a r e d  v a r i e s  g r e a t l y  w i t h  p h é n y l a t i o n  o f  th e  f iy e -m e m b ere d  
r in g *  Thus p y r i d i n i u m  (and  p i c o l i n i u m )  c y c lo p e n t a d l e n y l r l ^ e s  
i n  t h e  s o l i d  s t a t e  d a r k e n  s lo v / ly  on e x p o s u re  t o  a i r ,  
p a r t i c u l a r l y  i n  l i g h t ,  and y e t  a r e  r e a s o n a b l y  s t a b l e  i n  
s o l u t i o n .  T h is  may be i l l u s t r a t e d  from t h e  e f f e c t  o f  
e x p o s u re  on a sy s t em  i n  wh ich t h e  y l i d e ,  h a v i n g  b e e n  f r e s h l y  
p r e c i p i t a t e d  i n  an a q u e o u s  medium, i s  e x t r a c t e d  to  some 
e x t e n t  i n t o  an i m m is c i b l e  o r g a n i c  s o l v e n t *  The r e d  c o l o u r  
o f  t h e  s o l u t i o n  i s  r e t a i n e d  a f t e r  c o n s i d e r a b l e  d a r k e n i n g  
o f  t h e  suspended  s o l i d  h a s  s e t  i n .  On t h e  o t h e r  h a n d ,  
t e t r a p h e n y l c y c l o p e n t a d i e n y l l des  a p p e a r  c o m p l e t e l y  s t a b l e  
i n  t h e  s o l i d  s t a t e  and y e t  f a d e  i n  c o l o u r  r a p i d l y  i n  
s o l u t i o n ,  a benzene  s o l u t i o n  l o s i n g  i t s  b l u e  c o l o u r  a f t e r  
a few h o u r s .  I n  e a c h  c a s e  s t a b i l i t y  was enhanced  by 
s t o r i n g  i n  v a c u o ,  o r  u n d e r  n i t r o g e n , -  Thus a sam ple  o f  
p y r i d i n i u m  c y c lo p e n t a d i e n y T i d e  s e a l e d  o f f  u n d e r  n i t r o g e n  
r em a in ed  w i t h o u t  a n y  a p p a r e n t  change f o r  w e l l  o v e r  a y e a r ,  
and a b enzene  s o l u t i o n  o f  t h e  t e t r a p h e n y l a t e d  d e r i v a t i v e  
pumped down t o  a h i g h  vacuum, w h i l s t  c o o l e d  i n  l i q u i d  a i r p  
and t h e n  s c a l e d  o f f ,  r e t a i n e d  i t s  c o l o u r  f o r  s e v e r a l  m o n th s ,  
e v e n t u a l l y  f a d i n g  t o  g r e e n  and t h e n  p a l e  yellow©
The p r o d u c t s  o f  d e c o m p o s i t i o n  have n o t  b e e n  i n v e s t i ­
g a t e d ,  b u t  i n  t h e  c a s e  o f  t h e  u n p h c n y l a t o d  compound
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p o l y m e r i s a t i o n  a lm o s t  c e r t a i n l y  o c c u r s .  The b l a c k  
r e s i d u e  from a tm o s p h e r i c  d e c o m p o s i t i o n  o f  a s u s p e n s i o n  
o f  t h e  y l i d e  i n  t h e  a l k a l i n e  medium i n  wh ich i t  was formed 
p ro v e d  to  be c o m p l e t e l y  i n s o l u b l e  i n  o r g a n i c  s o l v e n t s  and 
ev en  i n  b o i l i n g  aqua  r e g i a .  The y l i d e  can  how ever  be 
b o i l e d  i n  a l k a l i  f o r  a s h o r t  t im e  w i t h o u t  a p p a r e n t  
d e c o m p o s i t i o n ,  a l t h o u g h  h e a t i n g  i n  a i r  and i n  vacuo  c a u s e s  
r a p i d  d e c o m p o s i t i o n ,  An a c c u r a t e  m e l t i n g  p o i n t  was th u s  
im p o s s i b l e  t o  d e t e r m i n e , a l t h o u g h  i n t r o d u c t i o n  o f  a sample 
i n t o  a p r e v i o u s l y  h e a t e d  m e l t i n g  p o i n t  a p p a r a t u s  s u g g e s t e d  
t h a t  i t  m e l t s  a t  a b o u t  200^0 b u t  a t  th e  same t im e  
decomposes r a p i d l y .  The t e t r a p h e n y l  d e r i v a t i v e  can  be 
m e l t e d  q u i t e  s h a r p l y  a t  2 1 0 ° - 2 1 l ’^ C to  g iv e  a r e d  melt© 
REACTIONS.
( a )  P y r i d i n i u m  c y c l o p e n t a d i e n y l i d e .
P r e p a r a t i o n  o f  d e r i v a t i v e s •
The y l i d e  f a i l e d  t o  form any d e r i v a t i v e  w i th  e i t h e r  
m e th y l  i o d i d e  o r  t r i n i t r o b e n z e n e ,  b u t  formed a y e l lo w -b r o w n  
p i c r a t e .  T h is  l a s t  was u n s t a b l e  t o  h e a t  and decomposed to  
d a r k  c o l o u re d  t a r s  ev en  i n  h o t  r e a c t i o n  m i x t u r e s . A
d e r i v a t i v e  was formed from co ld  s o l u t i o n s ,  b u t  c o u ld  n o t  
be r e  c r y s t a l l i s e d  a s  t h i s  c a u s e d  d e c o m p o s i t i o n .  I t  
m e l t e d  w i t h  d e c o m p o s i t i o n  a t  ab o u t  95°G.
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Gomplex f o r m a t i o n .
On t r e a t m e n t  o f  a b e n z e n e  s o l u t i o n  o f  t h e  y l i d e  w i t h  
a s o l u t i o n  o f  b e n z o q u ln o n e  I n  b e n z e n e ,  a deep p u r p l e  
c o l o r a t i o n  was o b se rv e d  w h ich  f a d e d  a f t e r  2 0 - 3 0  s e c s , ,  
w i t h  f o r m a t i o n  o f  a d a r k  c o l o u r e d  p r e c i p i t a t e ,  A sample 
o f  t h i s  was washed w e l l  and s e n t  f o r  a n a l y s i s .  I t  p roved  
t o  c o n t a i n  v e r y  l i t t l e  n i t r o g e n  and th e  r e s u l t  d i f f e r e d  
l i t t l e  from th e  f i g u r e s  r e q u i r e d  f o r  b e n z o q u l n o n e ,
An a l m o s t  e x a c t l y  s i m i l a r  r e a c t i o n  o c c u r r e d  w i t h  
c h i o r a n i l ,  t h e  i n i t i a l  d a r k  p u r p l e  c o l o u r  f a d i n g  t o  g r e e n .  
A f t e r  s e p a r a t i o n  o f  t h e  d a r k  c o l o u r e d  s o l i d  p r e c i p i t a t e ,  
the  f i l t r a t e  was e v a p o r a t e d  and a g r e e n  s o l i d  of  i n d e f i n i t e  
m e l t i n g  p o i n t  was o b t a i n e d .  A n a l y s i s  o f  t h i s  m a t e r i a l  
c o r r e s p o n d e d  f a i r l y  w e l l  w i t h  t h e  f i g u r e s  f o r  c h l o r a n i l  
i t s e l f .
I t  seems l i k e l y  t h a t  complex f o r m a t i o n  d o e s  i n  f a c t  
o c c u r ,  b u t  t h a t  th e  p r o d u c t s  a r e  q u i t e  u n s t a b l e ,
M a le ic  a n h y d r i d e  a d d i t i o n ,
The y l i d e  was a l lo w e d  t o  r e a c t  w i t h  m a l e i c  a n h y d r i d e  
i n  b en z e n e  u n d e r  an  a tm osphere  o f  n i t r o g e n .  The deep  red  
c o l o u r  was d i s c h a r g e d  g r a d u a l l y  and th e  r e a c t i o n  m i x t u r e  
was a l lo w ed  t o  s t a n d  o v e r n i g h t ,  A brown p r e c i p i t a t e  wh ich 
had s e t t l e d  o u t  from th e  p a l e  brown l i q u o r  was c o l l e c t e d .  
I t s  i n s o l u b i l i t y  i n  n o rm a l  o r g a n i c  s o l v e n t s  p r e v e n t e d  
r e  c r y s t a l l i s a t i o n  and i t  decomposed b e f o r e  m e l t i n g .  An 
a n a l y s i s  sample was p r e p a r e d  by t h o ro u g h  w a s h in g ,  b u t  th e
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r e s u l t s  c o r r e s p o n d e d  t o  no s im p le  a d d u c t ,  r a t h e r  i n d i ­
c a t i n g  t h a t  some s o r t  o f  s a l t  had been  formed » T h is  was 
to  some e x t e n t  s u p p o r t e d  i n  t h a t  t h e  d e r i v a t i v e  cou ld  be 
d i s s o l v e d  i n  sodium h y d r o x i d e  s o l u t i o n  t o  g i v e  a r e d -  
brown s o l u t i o n ,  wh ich on s h a k i n g  w i t h  c h l o r o f o r m  gave a 
s l i g h t  red  c o l o r a t i o n  t o  th e  o r g a n i c  l a y e r ,  f a m i l i a r  as  
t h a t  from the  o r i g i n a l  y l i d e  o 
S u b s t i t u t i o n  r e a c t i ons *
A molecuie c o n t a i n i n g  a n e g a t i v e l y  c h a rg e d  r i n g  would 
be e x p e c t e d  to  u n d e r g o  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a d i l y  
and t h i s  h a s  b e e n  d e m o n s t r a t e d ,  a s  m e n t io n e d  i n  S e c t i o n  I I p 1 
and 1 1 ,3  ( b ) , i n  th e  c a s e  o f  a z u l e n e  and f e r r o c e n e  »
Throe t y p i c a l  s u b s l t u t i o n  r e a c t i o n s ,  b r o m i n a t i o n ,  
c o u p l i n g  w i t h  d i a zo n iu m  s a l t  and P r i e d e l  C r a f t s  a c é t y l a t i o n -, 
were a p p l i e d  t o  p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e o  A l l  gave 
e v i d e n c e  o f  some r e a c t i o n  i n  th e  manner a n t i c i p a t e d o
The b r o m i n a t i o n  was c a r r i e d  o u t  i n  c h l o r o f o r m  s o l u t i o n  
i n  an a t  o s p h e r e  o f  n i t r o g e n o  The red  c o l o u r  o f  t h e  y l i d e  
was g r a d u a l l y  d i s c h a r g e d  and a d a r k  c o l o u r e d  d e p o s i t  o b t a i n e d  
wh ich on s e p a r a t i o n  was a d a r k b  rown s o l i d ,  s o l u b l e  t o  any 
e x t e n t  o n ly  i n  h y d r o x y l i c  s o l v e n t s *  I t  decomposed b e f o r e  
m e l t i n g 0 A n a l y s i s  gave i n c o n c l u s i v e  r e s u l t s ,  b u t  
a p p ro x im a t e d  to  a s u b s t a n c e  w h ich  m ig h t  have  b e e n  forme 
by s u b s t i t u t i o n  o f  one b rom ine  a to m .
On a d d i t i o n  o f  a s o l u t i o n  o f  b e n z e n e  d ia zo n iu m  c h l o r i d  ) 
t o  a s u s p e n s i o n  of  t h e  y l i d e  i n  aqueous  m e t h a n o l ,  t h e  r e d
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c o l o u r  d e e p e n e d .  B a s i f i c a t i o n  w i t h  sod ium h y d r o x i d e  
p r e c i p i t a t e d  a v e r y  da rk  c o l o u r e d  s o l i d ,  wh ich a f t e r  
f i l t r a t i o n ,  decomposed b e f o r e  m e l t in g *  R c c r y s t a l l i s a t i o n  
was a t t e m p t e d  from a v a r i e t y  o f  s o l v e n t s  w i t h o u t  s u c c e s s ,  
th e  s o l u t i o n s  b e i n g  d e e p . r e d , and an  a n a l y s i s  sample was 
p r e p a r e d  by t h e  e v a p o r a t i o n  o f  a f i l t e r e d  benzene  s o l u t i o n .  
The e x p e c t e d  compound m ig h t  be f o r m u l a t e d  a s  X V II I ,  i , e *  
^ 16^ 13^ 3 , A n a l y s i s  showed a s i g n i f i c a n t  i n c r e a s e  i n  
n i t r o g e n  c o n t e n t ,  b u t  t h e  f i g u r e s  c o r r e s p o n d e d  ô n ly  
a p p r o x i m a t e l y  to
XVIII
A c é t y l a t i o n  was a t t e m p t e d  w i t h  a c e t y l  b ro m id e ,  
w i t h o u t  a c a t a l y s t ,  i n  d ry  b e n z en e  ( c f l S ) , The c h a r a c ­
t e r i s t i c  y l i d e  c o l o u r  was r a p i d l y  d i s c h a r g e d  and a brow n  
p r e c i p i t a t e  was d e p o s i t e d .  T h is  a p p e a r e d  g r a n u l a r , b u t  
on f i l t r a t i o n  gave a v i s c o u s  gum, wh ich however  f lo w ed  on  
s t a n d i n g  f o r  some t i m e . T h i s  e f f e c t  was th o u g h t  p o s s i b l y  
t o  be t h e  r e s u l t  o f  t h e  h y d r o s c o p i c  n a t u r e  of  th e  m a t e r i a l ,  
and a f t e r  s t a n d i n g  i n  vacuo  over  c o n c e n t r a t e d  s u l p h u r i c  
a c i d ,  a s e m i c r y s t a l l i n e  * skin* , wh ich had a d i s t i n c t  
o d o u r ,  was f o u n d .  T h is  m a t e r i a l  d id  n o t  y i e l d  e i t h e r  
a d i n i t r o p h e n y l h y d r a z o n e  o r  a n  oxime. F o r m a t i o n  o f  t h o s e  
d e r i v a t i v e s  in v o lv e d  c o - o r d i n a t i o n  by th e  l o n e  p a i r  from
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n i t r o g e n  w i t h  a p o s i t i v e  c a rb o n  atom* I n  a s t r u c t ü r a  
such a s  XIX e l e c t r o n s  from th e  f iv e -m em b ered  ' r i n g  would té'nd 
t o  n e u t r a l i z e  a p o s i t i v e  c h a r g e  on th e  c a r b o n y l  c a rb o n  a tom* 
Thus c a r b o n y l  a c t i v i t y  m i g h t  bo e x p e c t e d  t o  be reduced*
C OCH
XIX
R e a c t i o n  w i t h  p o s i t i v e  c a r b o n  a to m s  *
By a n a lo g y  w i t h  th e  c o n d e n s a t i o n  o f  p i c o l i n i u m  s a l t s  
w i t h  a ld e h y d e s  and k e t o n e s  ( 6 ? ) ,  ^ - p i c o l i n i u m
cyc3cp e n t a d i e n y l i d e  was a l lo w e d  t o  s t a n d  w i th  n i t r o b o n z a l d e h y d e  
i n  an a l c o h o l i c  s o l u t i o n  c o n t a i n i n g  a few d ro p s  o f  p i p e r i d i n e *  
A s o l i d  p r o d u c t  a lm o s t  b l a c k  i n  c o l o u r  was fo rm e d ,  and 
r e  c r y s t a l l i s e d  by d i l u t i o n  o f  a p y r i d i n e  s o l u t i o n  v / i th  
w a t e r . The e x p e c t e d  p r o d u c t  was XX, b u t  a n a l y s i s  o f  t h e  
d a r k  c o l o u r e d  m a t e r i a l  c o r r e s p o n d  r a t h e r  t o  a p r o d u c t  w i t h  
t h e  fo rm u la  or. T e n t a t i v e  s t r u c t u r e s
f o r  such  a compound a r c  t h e  f u lv c n o  t y p o s  XXIa and XXIb♦
H o K><C H —^
XXI a
C12H9NO3
' XXIb
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A mechanism f o r  such  a r e a c t i o n  would in v o l v e  a n e g a t i v e  
c a rb o n  from t h e  f ive -m em berod  r i n g  a t t a c h i n g  i t s e l f  t o  t h e  
p o s i t i v e  c a r b o n y l  c a r b o n ,  w i t h  s i m u l t a n e o u s  f i s s i o n  of th e  
c a r b o n - n i t r o g e n  b end &
A s i m i l a r  r e a c t i o n  was s e t  up u s i n g  the  u n s u b s t i t u t e d  
p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e , and o n l y  s t a r t i n g  m a t e r i a l s  
co u ld  be d e t e c t e d  i n  th e  p r o d u c t  * . .A r e p e a t  e x p e r im e n t  
u s i n g  th e  ^ - p i c o l i n i u m  y l i d e  a l s o  f a i l e d  t o  r e p r o d u c e  th e  
e a r l i e r  r e s u l t .
C yc lohexanone  was r e a c t e d  u n d e r  s i m i l a r  c o n d i t i o n s  
w i t h  p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e  « a p o s s i b l e  p r o d u c t  
b e i n g  th e  known p e n t a m e th y le n e  f u l v e n e  (XXII) ( ? 0 ) .  Only 
s t a r t i n g  m a t e r i a l s  wore r e c o v e r e d .
V ”
\ .
XXII
(b )  P y r i d i n i u m  t e t r a p h e n y l c y c 1 op e n t a d i e n y l i d e s .
P r e p a r a t i o n  of D e r i v a t i v e s .
As i n  t h e  c a s e  o f  th e  u n ^ u b s t i t u t o d  y l i d e s ,  no 
r e a c t i o n  was o b s e rv e d  w i th  e i t h e r  t r i n i t r o b e n z e n e  o r  
m e t h y l  i o d i d e , b u t  a y e l lo w  c r y s t a l l i n e  p i c r a t e  was 
o b t a i n e d  from a l c o h o l i c  o r  b e n z e n e  s o l u t i o n  o f  e i t h e r  th e  
y l i d e  o r  i t s  h y d r o b ro m id e .  The p i c r a t e s  c r y s t a l l i s e d  
w i t h  one m o le c u le  o f  a l c o h o l  o r  a c e t o n e , and s a m p le s  
from th e  two s o u r c e s  were i d e n t i c a l .  A n a l y s i s  gave 
s a t i s f a c t o r y  r e s u l t s .
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Complex f o r m a t i o n •
Benzene s o l u t i o n s  o f  th e  t e t r a p h e n y l c y e l o p e n t a d i e n y l i d e  ‘ 
were t r e a t e d  w i t h  s o l u t i o n s  o f  b e n z o q u ln o n e  and c h l o r a n i l  
i n  b e n z e n e .  I n  n e i t h e r  c a se  d id  th e  shade o f  t h e  y l i d e  
s o l u t i o n  a l t e r , n o r  was t h e r e  a p r e c i p i t a t e  o f  an y  i n s o l u b l e  
com plex .
M a le ic  a n h y d r i d e  a d d i t i o n .
On s h a k in g  a ben zen e  s o l u t i o n  o f  t h e  
t e t r a p h e n y l c y c lo p e n t a d i e n y l i d e  w i th  m a l e i c  a n h y d r i d e ,  t h e  
b l u e  c o l o u r  g r a d u a l l y  changed t o  r e d .  A s t i c k y  y e l lo w  
s o l i d  wh ich co u ld  b e  r e c r y s t a l l i s e d  from e t h a n o l  was 
deposi ted  on the  w a l l s  o f  th e  f l a s k .  A n a l y s i s  d id  n o t  
c o r r e s p o n d  to  any s im p le  a d d i t i o n  compound. I t  i s  i n  any 
c a s e  d i f f i c u l t  t o  im a g in e  what s t r u c t u r e  an a d d u c t  would 
h a v e ,  a s  i f  th e  no rm a l  1 : 4  a d d i t i o n  to o k  p l a c e  on an y l i d e  
m o le c u l e  i n  w h ich  t h e  d o u b le  bonds  were th o u g h t  o f  as  f i x e d ,  
a f o r m a l  n e g a t i v e  c h a r g e  would have t o  be accommoda ted on 
th e  1 - c a rb o n  a tom .
'87'
I I I . 10# P h y s i c a l  p r o p e r t i e s  o f  P y r i d i n i u m  
cy c l p e n t a d i e n y l i d e s .
C o lo u r  o f  s o l u t i o n s •
A n o t a b l e  p r o p e r t y  o f  t h e  y l i d e s  i s  t h e  range  o f  
d i f f e r e n t  c o l o u r s  of  t h e i r  s o l u t i o n s  i n  s o l v e n t s  o f  v a r y i n g  
p o l a r i t y .  The c o l o u r s  a r e  i n t e n s e  and f o r  t h e  u n p h e n y l a t e d  
compound v a r y  from c o l o u r l e s s  in  a c i d i c  aq u e o u s  s o l u t i o n ,  
th ro u g h  y e l lo w  i n  a l k a l i , o ran g e  i n  a l c o h o l s ,  rod i n  a c e t o n e  
and c h l o r o f o r m ,  t o  a r e d d i s h - p u r p l e  i n  b en z en e  and e t h e r .
(See p h o to g ra p h s  h o s  . l a  , lb)»Thc p h c n y l a t e d  y l i d e  shows a 
c o r r e s p o n d i n g  v a r i a t i o n ,  t h e  s o l u t i o n  i n  a l c o h o l  h a v in g  a 
r ed  c o l o u r ,  t h a t  i n  c h l o r o f o r m  a r e d d i s h  p u r p l e  c o l o u r  and 
i n  benzene  a deep b lu e  c o l o u r ,  (See p h o t o g r a p h s  Nos.  2 a , 2 b . )  
S u b s t i t u t i o n  i n  th e  p y r i d i n e  r i n g  does  n o t  a l t e r  t h e  c o l o u r  
o f  t h e  y l i d e  s u f f i c i e n t l y  f o r  i t  to  be d e t e c t e d  by t h e  e y e .
Kosower ( 8b)  h a s  p o i n t e d  o u t  t h a t  t h e s e  v a r i a t i o n s  i n  
c o l o u r  a r e  e x a c t l y  what would b e  e x p e c t e d  i f  t h e  y l i d e s  
were ’’i n t e r n a l ’* c h a rg e  t r a n s f e r  co m p lex e s .
S p e c t r a .
R e l i a b l e  i H l t r a  V i o l e t  s p e c t r a  p ro v e d  i m p o s s i b l e  t o  
o b t a i n  u s i n g  t h e  Unicam i n s t r u m e n t  a v a i l a b l e ,  a s  
a t m o s p h e r i c  i n t e r a c t i o n  ca u sed  d e c o m p o s i t i o n .  D r .  H .T, 
Openshaw, o f  The Wellcome R e sea rc h  F o u n d a t i o n ,  h a s  k i n d l y  
c o n s e n t e d  to  a r r a n g e  f o r  t h e  i n v e s t i g a t i o n  o f  t h e s e  s p e c t r a ,
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a s  he h a s  a d d i t i o n a l  f a c i l i t i e s  i n  p a r t i c u l a r  h a v i n g  
a r e c o r d i n g  i n s t r u m e n t *
The r e s u l t s  o f  one d e t e r m i n a t i o n  made on th e  Unicam 
i n s t r u m e n t ,  may be n o ted  w i t h  t h e  r e s e r v a t i o n  t h a t  the  
f i g u r e s  cou ld  n o t  be checked a s  t h e  m a t e r i a l  had 
decomposed by t h e  t im e  th e  end o f  t h e  r a n g e  had b e e n  
r e a c h e d .  A s o l u t i o n  o f  t h e  p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e  
i n  c h lo ro fo rm  was u s e d .  T h e re  were p e a k s  a t  250 m/^ 
( lo g ^ ^ C  3 . 6 )  and a t  520-540  m yx( log^Q*: 4 . 0 ) ;  t h e  v a l u e  
o f  l o g . f e l l  below 3 o n ly  b e tw e e n  2J0 and 3 2 0  
D ip o le  Momen t  s .
D r .  L . B . S u t t o n  and M .E e ly -H u t c h in s o n ,  o f  t h e  
U n i v e r s i t y  o f  O xford ,  h c v e  u n d e r t a k e n  t h e  m e a s u r e n e n t  o f  
t h e  D i p o le  Moments o f  some o f  t h e  c y c l o p o n t a d i e n y l i d e s .
The r e s u l t s  r e c e i v e d  f rom  them so f a r  e r e  : -
P y r i d i n i u m  t e t r a P h e n y l c ^ v c ^ p e n t a d i e n y l l d e  7 ,5  t  O .ID. 
y - p i c o l i n i u m  t  e t  rc p h e n y lc  y c lo p  en t  ad i  eny1 id  e 7 .5  t  O.ID- 
As t h e  m e th y l  g ro u p  s h o u ld  in d u c e  a s m a l l  d i p o l e  moment in  
t h e  same d i r e c t i o n  s t h e  y l i d e ,  t h e  d i f f o r e n e e  i n  t h e s e  
two v a l u e s  c o n f i r m s  t h e  d i r e c t i o n  o f  t h e  d i p o l e  moment 
in  t h e  y l i d e .
These  v a l u e s  o,_;roe - e l l  - i t h  what  m ig h t  be e x p e c t e d ,  
and t h e i r  m - :gn i tudes  n ay  be compared w i t h  t h o s e  o f  
6.2D f o r  Dimethyl su lp h o n iu m  f l u o r e n y l i d c  ( p . 5 7 ) ,
■“ 89
0.99D 1 o r  T r ip l icz iy lphcspbon iux i  o y o 1 o y on t  c. d i  ciiy 1 i â c  ( p . 1 4 ) ,  
n id  9.7D f o r  th o  compound p r o p e r od by Kuror.ncv rnd i i i s  
co-v /orkor  s . {XXV p • 45 ) »
■89( a )
TL b
% b
KEY TO PHOTOGRAPHS. 
Pyridin ium c y c l o p e n t a d ie n y l i d e  : -  
S o l id
S o l u t i o n  i n  var ious  s o l v e n t s
l a
lb
Pyridin ium t e t r a p h e n y lc y c l o p e n ta d ie n y l id e :  
S o l i d  2a
S o l u t i o n  in  v a r io u s  s o l v e n t s  2b
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• K O D  A Ç H  R O M  E
D U  P L I C A T E
K O D A C H R O M E
D U P L I C A T E
K O D A C H R O M  E'  
D V  P L I C A T E
P R O C E S S E D  B Y
IV * E x p e r i m e n t a l  S e c t i o n ,
P r é p a r a t i o n  o f  cy c 1 op e n t a d i e n e .
D i c y d o p e n t a d ie n o  was d e p o l y m e r i s e d  t o  c y c l o p e n t a d i e n e  
by d i s t i l l a t i o n  t h r o u g h  p l a t i n u m  gauze*  T h is  was c a r r i e d  
o u t  in  an a d a p t e d  C l a i s e n  f l a s k  h a v in g  two b d b s  on the 
v e r t i c a l  o u t l e t  c.rm, each  a b o u t  5 cms, i n  d i a m e t e r ,  and 
w i t h  a d i s c  o f  p l a t i n u m  gauze  s e a l e d  in  a t  th e  h o r i z o n t a l  
diame t o r •
A th e rm o m e te r  (A) was a r r a n g e d  to  d i p  i n t o  th e  d im e r ,  
and a second  (b ) i n  th e  v a p o u r  of  t h e  d i s t i l l i n g  l i q u i d .
The r e a d i n g  o f  (A) was k e p t  b e tw e e n  1 6 0 -1 7 0 ° C , and th e  
c y c l o p e n t a d i e n e  d i s t i l l e d  b e tw een  40^G and 43^G, The 
c y c l o p e n t a d i e n e  was c o l l e c t e d  i n  a f l a s k ,  coAled i n  an  
i c e / s a l t  b a t h  a t  - 1 3
P r e p a r a t i o n  o f  Dlbromoc y c l o p e n t e n e # ( ^2)
10  g ,  o f  c y c l o p e n t a d i e n e  and 33  ccs* o f  c h l o r o f o r m  
were p l a c e d  i n  a f l a s k  e q u ip p e d  w i t h  a s t i r r e r ,  a d ro p p in g  
f u n n e l  and a c a l c i u m  c h l o r i d e  t u b e , The f l a s k  was co o led  
i n  an i c e / s a l t  b a t h .  A s o l u t i o n  o f  7*5 c c s ,  o f  b ro m in e  
( r e p r e s e n t i n g  s l i g h t l y  l e s s  t h a n  one m o la r  e q u i v a l e n t )  
i n  30 C C S *  o f  c h l o r o f o r m  was r u n  i n  s l o w l y ,  w i t h  s t i r r i n g ,  
o v e r  a b o u t  an h o u r . The l a s t  t r a c e s  o f  b ro m in e  were 
washed i n  w i th  a few c o s . o f  c h l o r o f o r m .
At th e  end of t h e  a d d i t i o n  th o  s o l u t i o n  was l i g h t  
y e l l o w  i n  c o l o u r , b u t  on s t a n d i n g  ex p o sed  to  t h e  a i r  f o r  a 
few m i n u t e s  i t  becam e a d a r k  b l u e - g r e e n ,
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T h i s  p r e p a r a t i o n  was ro p o a to d  s e v e r a l  t im e s  t o  
p r o v i d e  m a t e r i a l  f o r  t h e  v a r i o u s  a t t e m p t s  a t  y l i d e  
f o r m a t io n *  I n  m ost  c a s e s  th e  d lb rom oc y c l o p e n t e n e  was 
u sed  i n  s o l u t i o n ,  b u t  i n  t h e  r e a c t i o n s  w i t h  ammonia and 
a n i l i n e  t h e  c h l o r o f o r m  was f i r s t  removed from a warm 
w a te r  b a t h ,  u n d e r  r e d u c e d  p r e s s u r e -  D lbrom oc y c l o p e n t e n e  
s o l u t i o n  ^A* was p r e p a r e d  from 18*1 g , o f  c y c l o p e n t a d i e n o  » 
by t h e  above method * The t o t a l  volume o f  t h e  s o l u t i o n  
was 14 8  CCS* I t  was k e p t , s t o p p e r e d , i n  t h e  r e f r i g e r a t o r ,  
and t h e  r e q u i s i t e  vo lum es  w i th d raw n  when r e q u i r e d *  
D lbrom oc y c l o p e n te n e  s o l u t i o n  was p r e p a r e d  from 1 2 ,3  g* 
o f  c y c l o p e n t a d i e n e , t h e  t o t a l  volume o f  t h e  s o l u t i o n  
b e i n g  114 ccs*
. 9 1 ,
P r e p a r a t i o n  o f  P y r i d i n i u m  c y c l o p e n t a d i e n y l i d e »
B ecause  o f  t h e  c o m p a r a t iv e  i n s t a b i l i t y  o f  th e  y l i d e , 
i n  m ost  c a s e s  i t  was o n ly  p r e p a r e d  from th e  i n t e r m e d i a t e  
im m e d ia t e l y  b e f o r e  b e i n g  r e q u i r e d ,  Thus i n  g e n e r a l ,  
o v e r a l l  y i e l d s  wore n o t  r e c o r d e d .  The d i f f i c u l t y  o f  
i s o l a t i n g  th e  i n t e r m e d i a t e  i n  a s u i t a b l y  c r y s t a l l i n e  form 
made i t  i m p o s s i b l e  t o  d e t e r m i n e  th e  y i e l d  a t  t h i s  s t a g e  
e i t h e r ,
A spec im en  p r e p a r a t i o n  was a s  f o l l o w s  : -
7 , 7  CCS0 o f  d ib ro m o c y c l o p e n t e n e  s o l u t i o n  were 
a l lo w ed  t o  s t a n d  w i th  2 c c s ,  o f  p y r i d i n e  f o r  two d a y s .
The c h l o r o f o r m  was t h e n  removed u n d e r  r e d u c e d  p r e s s u r e ,  
a t  room t e m p e r a t u r e .  Y i e l d  o f  i n v o l a t i l e  m a t e r i a l  3 *69  g< 
The d a rk  o i l y  r e s i d u e  a f t e r  rem ova l  o f  t h e  c h l o r o f o r m  
g r a d u a l l y  d e p o s i t e d  c r y s t a l s  w h ich  a p p e a r e d  to  be a lm o s t  
c o l o u r l e s s .  T h i s  i n v o l a t i l e  r e s i d u e  was e x t r a c t e d  w i t h  
w a t e r ,  f i l t e r e d , and d i l u t e  sodium h y d r o x id e  s o l u t i o n  addec 
to  th e  f i l t r a t e .  The r e d  brown c r y s t a l l i n e  p r e c i p i t a t e  
was c o l l e c t e d  b t  f i l t r a t i o n ,  washed w i t h  co ld  w a t e r  and 
d r i e d  i n  a vacuum d e s i c c a t o r  o v e r  p h o s p h o r u s  p e n t o x i d e  
f o r  two h o u r s . Y i e l d  1 ,3 8  g ,  (86*3%)
Tho y l i d e  decomposed to  a b l a c k  i n s o l u b l e  s o l i d  on 
h e a t i n g  a l o n e ,  b u t  a sample i n t r o d u c e d  i n t o  a m e l t i n g  
p o i n t  a p p a r a t u s  a t  a p p r o x i m a t e l y  200*^0 showed s i g n s  o f  
m e l t i n g  b e f o r e  r a p i d  d e c o m p o s i t i o n  s e t  i n ,
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Tho o ran g e  a ilka 11 no f i l t r a t e  c o n t a i n e d  some d i s s o l v e d  
y l i d e ,  b u t  i n  v iew  o f  t h e  s m a l l  amount c o n c e r n e d ,  i t  was 
n o t  deemed w o r t h w h i l e  t o  r e c o v e r  i t  by e x t r a c t i o n  w i th  
an  i m m is c ib l e  s o l v e n t , p a r t i c u l a r l y  as  p r a c t i c a l  d i f f i - *  
c u l t i e s  were  e n c o u n t e r e d , such  as  f o r m a t i o n  of  e m u l s i o n s ,  
and d i f f i c u l t y  i n  d e t e c t i n g  t h e  i n t e r f a c e  b e c a u s e  o f  t h e  
i n t e n s e l y  c o l o u r e d  s o l u t i o n s *
The p r e p a r a t i o n  o f  th e  y l i d e  was r e p e a t e d  s e v e r a l  
t im e s  t o  p r o v i d e  m a t e r i a l  f o r  v a r i o u s  f u r t h e r  e x p e r im e n t s *  
The s t a b i l i t y  ot  t h e  y l i d e  t o  the  a tm o sp h e re  was enhanced  
by  a l l o w i n g  t h e  i n t e r m e d i a t e  t o  s t a n d  a t  room t e m p e r a t u r e  
f o r  p e r i o d s  o f  a p p r o x i m a t e l y  one y e a r .
E s t a b l i s h m e n t  of  t h e  n a t u r e  o f  t h e  i n t e r m e d i a t e *
There  were  two p o s s i b i l i t i e s  f o r  t h e  s t r u c t u r e  o f  
th e  i n t e r m e d i a t e , n am ely  d i p y r i d i n i u m  e y e l o p e n to n e  
d ib ro m id e  ( l )  and p y r i d i n i u m  c y c j ^ p e n t a d i e n y l  h y d rcb ro m id n  
( I I ) .rvc-o
I I
The f o r m u l a  1 was i n  -^act a s s i g n e d  to  th o  i n t e r m e d i a t e  on 
th e  e v i d e n c e  w hich  f o l l o w s  *
’93'
The c r y s t a l l i n e  d e p o s i t  o b t a i n e d  on rem oval  o f  
c h l o r o f o r m  from th e  i n t e r m e d i a t e  was r o u g h l y  f r e e d  f rom  
an a d h e r i n g  d a rk  l i q u i d  by  r u b b i n g  b e tw e e n  f i l t e r  p a p e r s ,  
o r  p r e s s i n g  on a p o r o u s  p l a t e .  F u r t h e r  p u r i f i c a t i o n  
was a f f e c t e d  by  r e c r y s t a l l i s a t i o n  from a l c o h o l ,  which  
however  caused  some d e c o m p o s i t i o n ,  and b y  c h ro m a to g ra p h y .
Alum ina was n o t  s u i t a b l e  f o r  t h i s  l a t t e r  p u rp o se  a s  
th e  p r o d u c t  decomposed on p a s s i n g  down th e  co lum n.  The 
i n i t i a l  brown band t u r n e d  r o d , p re s u m a b ly  by th e  b a s i c  
a c t i o n  o f  t h e  a l u m i n a , and f a d e d ,  p r o b a b l y  due t o  
p h o t o x i d a t i o n .
H y f lo  sup o r e e l ,  or  f i l t e r  a i d ,  p r o v id e d  a more 
s a t i s f a c t o r y  medium. The m a t e r i a l  was a p p l i e d  i n  a l c o ­
h o l i c  s o l u t i o n ,  and d e v e lo p e d  and e l u t e d  w i t h  an a l c o h o l /  
e t h e r  m i x t u r e .  R e c h ro m a to g ra p h in g  f a i l e d  t o  remove th e  
l a s t  t r a c e s  o f  t h e  b row n  i m p u r i t y .  M .p .  1 9 7 ^ - 2 0 0
A n a l y s i s  o f  sam ples  o b t a i n e d  i n  each  o f  t h e s e  ways 
d id  n o t  c o r r e s p o n d  w i t h  t h e  e x p e c t e d  f i g u r e s .  I f  an 
a v e ra g e  of  t h e  a n a l y s e s  w ere  t a k e n ,  t h e  d i f f e r e n c e  assumed 
to  be oxygen  i n  th e  form o f  w a t e r ,  and a c o r r e c t i o n  a p p l i e d  
t o  t h e  a v e ra g e  f i g u r e s , t h e n  th e  r e s u l t s  would be found i n  
c l o s e  a g re e m e n t  v / i th  th e  r e q u i r e d  v a l u e s .  ( A n a ly s e s  4 2 ,  
( s a m p le  p r e p a r e d  by two r e c r y s t a l l i s a t i o n s  f rom  e t h a n o l )
45? 6 3 , ( sam ples  p u r i f i e d  by c h r o m a t o g r a p h y ) ) A m o l e c u l a r  
w e ig h t  d e t e r m i n a t i o n  was n o t  p o s s i b l e  a s  t h e  m a t e r i a l  was 
i n s o l u b l e  i n  compounds su c h  a s  b e n z en e  and cam phor#
A p i c r a t e  was p r e p a r e d  by th e  a d d i t i o n  o f  a s a t u r a t e d  
s o l u t i o n  o f  p i c r i c  a c i d  i n  e t h a n o l  to  a s o l u t i o n  o f  t h e  
i n t e r m e d i a t e  i n  h o t  a l o h o l ; i t  was r e c r y s t a l l i s e d  from 
■water, m .p .  1 9 5 ° -1 9 6 °C .  ( A n a ly s e s  3 6 , 6 5 , 6 7 . )  The 
a n a l y s i s  f i g u r e s  were i n  each  c a s e  a t  some v a r i a n c e  w i th  
t h e  e x p e c t e d  v a l u e s ,  c a r b o n  b e i n g  h ig h  and n i t r o g e n  lo w .
As f o rm u la  I I  i n v o l v e s  a c y c l o p e n t a d i e n e  s t r u c t u r e  
w h erea s  I  p o s s e s s e s  o n ly  one d o u b le  bond, i t  was 
c o n s i d e r e d  t h a t  a q u a n t i t a t i v e  s tu d y  o f  th e  a d d i t i o n  o f  
b romine t o  th e  i n t e r m e d i a t e  s h o u ld  p r o v i d e  i n f o r m a t i o n  
u s e f u l  i n  d e c i d i n g  be tw een  th e  two p o s s i b i l i t i e s *
A s o l u t i o n  o f  b ro m in e  i n  e t h a n o l  was made up a p p r o x i ­
m a t e l y  t e n t h  m o l a r ,  0 , 0 5 0  g .  sam ples  o f  th e  i n t e r m e d i a t e  
were  t a k e n  and d i s s o l v e d  i n  t h e  minimum o f  m e th a n o l#  A 
known e x c e s s  ( 1 0  c c s . )  o f  th e  brom ine  s o l u t i o n  was a d d e d ,  
and th e  m ix t u r e  a l l o w e d  t o  s t a n d  f o r  t e n  m i n u t e s ,  d u r i n g  
v;hich t im e an o r a n g e - y e l l o w  p r e c i p i t a t e  s e t t l e d  o u t . T h i s  
was f i l t e r e d  o f f ,  d r i e d  i n  vacuo  and  w e ig h e d .
An e x c e s s  o f  p o t a s s i u m  i o d i d e  was added to  th e  
f i l t r a t e ,  v/hich was t h e n  b ack  t i t r a t e d  w i th  O.IN sodium 
t h i o s u l p h a t e  s o l u t i o n .  The end p o i n t  was d e t e c t e d  
c o n d u c t o r a e t r i c a l l y 9 A 10 c c .  sample  o f  t h e  b rom ine  
s o l u t i o n  was a l s o  t i t r a t e d  i n  t h i s  way, and th e  amount 
o f  b ro m in e  used  up t h e r e b y  c a l c u l a t e d .
The i n c r e a s e  o f  w e ig h t  c o r r e s p o n d i n g  t o  t h e  a d d i t i o n  
o f  one o r  two m o le c u l e s  o f  b ro m in e  d i f f e r s  c o n s i d e r a b l y .
-9 5 -
Thus f o r  one dou b le  bond t h e  u p ta k e  by 0,05 g .  would 
be 0,0208 g , ,  and f o r  two d o u b le  bonds 0,0714 g#
The a c t u a l  r e s u l t s  o b t a i n e d  were : -  
10 C C S ,  o f  bro m in e  s o l u t i o n  r e a c t e d  w i th  8 ,9 5  c c s ,  o f  
0 ,1N sodium t h i o s u l p h a t e  s o l u t i o n ,
(1 )  h e i g h t  o f  p r o d u c t  0 ,0 6 4 1  g ,
i . e .  u p t a k e  o f  bromine 0 ,0 1 4 1  g*
Back t i t r a t i o n  o f  f i l t r a t e  r e q u i r e d  6 ,1 5  c c s ,  
0 ,1N sodium t h i o s u l p h a t e  s o l u t i o n .  Thus b rom ine  
e q u i v a l e n t  t o  2 .8 0  c c s ,  o f  0 , %  t h i o s u l p h a t e  had 
b e e n  u s e d , t h a t  i s  0 ,0 2 2 4  g ,
( 2 ) W eight  o f  p r o d u c t  0 ,0 6 7 0  g ,  
and u p ta k e  o f  b ro m in e  O.OI7  g .
Back t i t r a t i o n  6 .3 5  ccs* Brom ine used  i s  
t h e r e f o r e  e q u i v a l e n t  t o  2 , 6  ccs.  O.IN 
t h i o s u l p h a t e 5 t h a t  i s  0 ,0 2 0 8  g .
These r e s u l t s  g iv e  d e f i n i t e  s u p p o r t  t o  t h e  
d i p y r i d i n i u m  s a l t  s t r u c t u r e  f o r  t h e  i n t e r m e d i a t e .
The y e l lo w  c r y s t a l l i n e  b r o m i n a t i o n  p r o d u c t  was r e -  
c r y s t a l l i s e d  from e t h a n o l o  M ,p ,  113 , 5 ° - H 3  #5^0#
( A n a ly s e s  43? and 4 6 ,  b o th  show a h i g h  v a l u e  f o r  b rom ine?  
p o s s i b l y  b e c a u s e  o f  a b s o rb e d  b r o m i n e ) .
The s t r u c t u r e  I  was co n f i rm e d  by a n a l o g y  w i th  t h e  
r e s u l t s  o f  s i m i l a r  e x p e r i m e n t s  c a r r i e d  o u t  w i th
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^ p l c o l i n e  and d i m e t h y l  s u l p h i d e .  A l th o u g h  th o  
i n t e r m e d i a t e s  t h e m s e l v e s  were n o t  i s o l a t e d  i n  t h e s e  
c a s e s ?  the  p i c r a t e s  o b t a i n e d  t h e r e f r o m  a n a l y s e d  c o r r e c t l y  
f o r  I I I  and IV r e s p e c t i v e l y .
r b  + / / ” \  + / — \  +
l - L C - p  N - '  /  —N  / - C H  M « S “-C /  - S  M g ,
cl d i f
I I I  IV
R e a c t i o n  o f  d ib ro m o c y c 1op e n t o n e  w i t h  one m o l a r  
e q u i v a l e n t  of  p y r i d i n e ,
I t  was hoped' t h a t  t h i s  r e a c t i o n  m igh t  p r o v i d e  f u r t h e r  
i n f o r m a t i o n  a s  to  th e  n a t u r e  o f  t h e  i n t e r m e d i a t e  i n  t h e  
f o r m a t i o n  o f  p y r i d i n i u m  c y c lo p e n t a d i e n y l i d e , C o n f i r m a t i o n
o f  t h e  d i p y r i d i n i u m  s t r u c t u r e  ( I I )  would have b e e n  g i v e n  
i f  t h e  y l i d e  had b e e n  o b t a i n e d  i n  a p p r o x i m a t e l y  h a l f  t h e  
no rm a l  y i e l d .  I n  f a c t  a d i f f e r e n t  p r o d u c t  was o b t a i n e d ,
1 c c , o f  p y r i d i n e  was a l lo w e d  t o  s t a n d  w i t h  6*7 c c s .  
o f  d ib rom  o c y c l op e n t e  ne s o l u t i o n  "B” f o r  two d a y s .  The 
c h l o r o f o r m  was removed u n d e r  r e d u c e d  p r e s s u r e ?  and t h e  
r e s i d u e ?  which was n o t  c r y s t a l l i n e  ? was e x t r a c t e d  w i t h  
w a t e r , The e x t r a c t  was f i l t e r e d ?  u s i n g  f i l t e r  c e l  ? and 
t h e n  made a l k a l i n e  w i t h  sodium h y d r o x id e  s o l u t i o n ,  A 
b r i g h t  red  s o l i d  was p r e c i p i t a t e d  and f i l t e r e d  o f f ,
Y i e l d  2 , 4  g # ( c r u d e ?  and d r i e d  o n ly  a t  t h e  w a t e r  pum p).
The p r o d u c t  d a r k e n e d  s lo w ly  on e x p o s u r e  t o  th e  a i r ,  
and was i n s o l u b l e  i n  b e n z e n e ,  a c e t o n e  and c h l o r o f o r m .  I t
-9 7 -
d i s s o l v e d  to  some e x t e n t  i n  w a t e r  t o  g iv e  a d a r k  brown 
s o l n t i o n j  i n  h y d r o c h l o r i c  a c i d  t o  g iv e  a brown s o l u t i o n ,  
and r e a d i l y  i n  a l c o h o l  t o  g iv e  a b l o o d - r e d  s o l u t i o n  
( c o n t r a s t  t h e  c o l o u r  of  a l c o h o l i c  s o l u t i o n s  o f  p y r i d i n i u m  
c y c l o p e n t a d i e n y l i d e ) o Ho m o l t i n g  p o i n t  c o u ld  be  d e t e r ­
mined a s  t h e  m a t e r i a l  decomposed on h e a t in g *
A t t e m p t s  a t  r e c r y s t a l l ! s a t  ion  a l s o  caused  
d e c o m p o s i t i o n ,  and an a n a l y s i s  sample was p r e p a r e d  by 
d i l u t i o n  o f  a f i l t e r e d  m c t h a n o l i c  s o l u t i o n  w i th  o t h e r *
The a n a l y s i s  f i g u r e s , {5k) 9 wore n o t  c o n c l u s i v e *  The 
m a t e r i a l  c o n t a i n e d  b ro m in e  and a p o s s i b l e  s t r u c t u r e •was V
B r
V
A p i c r a t e  was fo rm ed  from a l c o h o l ,  b u t  i t  a l s o  
decomposed on h e a t i n g .  An a n a l y s i s  sample was p r e p a r e d  
from f i l t e r e d  s o l u t i o n s  o f  t h e  m a t e r i a l  and p i c r i c  a c i d .  
A n a l y s i s , ( 6 1 ) ,  d id  n o t  a g r e e  w i t h  th e  f i g u r e s  r e q u i r e d  
f o r  t h e  p i c r a t e  o f  Vr
I t  may be  n o te d  t h a t  i f  t h e  p r o d u c t  wore assumed t o  
be a m ix t u r e  o f  V and p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e , and 
th e  p r o p o r t i o n  o f  V d e t e r m in e d  from th e  bromine f i g u r e ,  
t h e n  by c o r r e c t i n g  t h e  a n a l y s i s  f i g u r e s  {5k)  and ( 6 I )  
a p p r o p r i a t e l y  t h e r e  r em a in  v a l u e s  which  c o r r e s p o n d  w e l l
-9 8 -
w i t h  t h o s e  r e q u i r e d  f o r  p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e  
and i t s  p i c r a t e  r e s p e c t i v e l y .
C a t a l y t i c  H y d r o g e n a t i o n  o f  p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e ,
A b s o l u t e  a l c o h o l  was p u r i f i e d  by r e f l u x i n g  w i t h  
Raney n i c k e l  and th e n  d i s t i l l i n g .
Adams’ p l a t i n u m  o x id e  c a t a l y s t  was p r e p a r e d  from 
p l a t i n u m  c h l o r i d e  by f u s i o n  w i t h  A n a la r  sodium n i t r a t e .
0 .5  g .  o f  p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e  was d i s s o l v e d  
i n  p u r i f i e d  a b s o l u t e  a l c o h o l ,  and h y d r o g e n a t e d  u s i n g  
a p p r o x i m a t e l y  0 . 1  g .  o f  Adams’ p l a t i n u m  ox id e  c a t a l y s t .  
H ydrogen  was a b s o rb e d  s t e a d i l y  f o r  a b o u t  f o r t y  m in u t e s  
( d u r i n g  which  t im e  330 c c s .  o f  hyd ro g en  had  b e e n  a b s o r b e d )  
and t h e n  more s lo w ly  f o r  a f u r t h e r  f o r t y  m i n u t e s ,  a t  t h e  
end o f  w h ic h  t im e  400 c c s .  o f  h y d ro g en  had been  t a k e n  u p .  
The a b s o r p t i o n  t a i l e d  o f f  s l o w l y  and th e  e x p e r i m e n t  was 
s to p p e d  a f t e r  s i x  h o u r s .
T o t a l  u p t a k e  o f  h y d ro g e n  ( i n c l u d i n g  t h a t  a b s o rb e d  
by  t h e  c a t a l y s t )  was 500 c c s .  C a l c u l a t e d  u p t a k e ,  f o r  
f i v e  d o u b le  b o n d s ,  i s  a b o u t  420 c c s .
The c a t a l y s t  was f i l t e r e d  o f f  and t h e  a l c o h o l  from 
th e  f i l t r a t e  removed a t  t h e  w a t e r  pump from  a warm w a t e r  
b a t h .
The r e s i d u e  was e x t r a c t e d  w i t h  a l i t t l e  e t h e r ,  th e  
e x t r a c t  c o n c e n t r a t e d  and an  a l c o h o l i c  s o l u t i o n  o f  p i c r i c  
a c i d  a d d e d .  y e l l o w  p r e c i p i t a t e  was o b t a i n e d ,  m .p .
1 4 5 ° - 1 4 7 °C # The m e l t i n g  p o i n t  o f  t h i s  m a t e r i a l  was n o t
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d e p r e s s e d  on a d m ix tu r e  v / i th  t h e  p i c r a t e  f rom  an a u t h e n t i c  
sample o f  N -c y c lo p e n t y l p i p e r i d i n e .
A second h y d r o g e n a t i o n  was s e t  up u s i n g  5#45 g# o f  
t h e  y l i d e .  H ydrogen  was a b s o r b e d  s t e a d i l y  f o r  f o u r  h o u r s  
( u p t a k e  2 ,0 0 0  c c s * ) ,  b u t  t h e r e a f t e r  a b s o r p t i o n  was v e r y  
s lo w ,  even  th o u g h  more c a t a l y s t  was ad d e d .  When th e  
e x p e r i m e n t  was s to p p e d  a f t e r  a b o u t  40 h o u r s ,  t h e  c o l o u r  
o f  t h e  s o l u t i o n  was s t i l l  q u i t e  a deep r e d .
T o t a l  u p t a k e  ( i n c l u d i n g  c a t a l y s t )  3400 c c s .
( C a l c u l a t e d  u p t a k e  4?600  c c s . )
The c a t a l y s t  was f i l t e r e d  o f f ,  th e  a l c o h o l  removed 
and t h e  r e s i d u e  d i s t i l l e d  u n d e r  r ed u ce d  p r e s s u r e .  1 .5  g .  
o f  a p a l e  y e l l o w  o i l ,  b . p . 7 5 ° - 8 3 ° C / l 0 - 1 2  mm., were 
c o l l e c t e d ,
A p i c r a t e  was p r e p a r e d  from th e  p r o d u c t ,  and 
r e c i y s t a l l i s e d  f rom  a l c o h o l ,  m .p .  168°C.
A n a l y s i s  ( 4 )?  c o r r e s p o n d e d  w e l l  f o r  H -c y c l o p e n t y l -  
p i p c r i d i n o  p i c r a t e .  A mixed m e l t i n g  p o i n t  d e t e r m i n a t i o n  
w i t h  t h i s  p i c r a t e  and an a u t h e n t i c  sam ple  o f  N -c y c l o p e n t y l -  
p i p e r i d i n e  p i c r a t e  showed no d e p r e s s i o n .
An o x a l a t e  was p r e p a r e d  i n  th e  same way a s  th e  o x a l a t e  
from H -c y c l o p e n t y l n i p e r i d l n e , m>p. 1 7 0 ^ -1 7 1 °C .  Mixed m .p .  
w i th  an  a u t h e n t i c  s a m p le ,  170^-174°C .
"100.
P r e p a r a t i o n  o f  H-c y c l o p e n t y l p l p e r l d i n e  ( 5 3 ) .
C yc lop e n t a n o l  ( 7 l ) *
10 g .  o f  c y c l o p o n ta n o n e  were added d ro p w is e  to  a 
s t i r r e d  s u s p e n s i o n  o f  1 . 4  g ,  o f  l i t h i u m  a lum in ium  h y d r i d e  
i n  55 CCS. o f  d ry  e t h e r ,  a t  a r a t e  which c a u s e d  g e n t l e  
re  f l u x i n g  o f  t h e  e t h e r .  At th e  end o f  t h e  a d d i t i o n  th e  
m i x t u r e  was r e f l u x e d  f o r  one h o u r .  The s o l i d s  were 
d i s s o l v e d  by r u n n in g  i n  t o  t h e  s t i r r e d  m i x t u r e  a b o u t  
130 c o s .  o f  lOÿ  ^ s u l p h u r i c  a c i d  s o l u t i o n .  The e t h e r  l a y e r  
was s e p a r a t e d ,  an d  t h e  a q u e o u s  l a y e r  e x t r a c t e d  w i t h  a 
f u r t h e r  q u a n t i t y  o f  e t h e r *  The combined e t h e r  l a y e r s  
were d r i e d  o v e r  a n h y d ro u s  sodium s u l p h a t e ,  th e  e t h e r  
removed, and t h e  r e s i d u e  d i s t i l l e d  t h ro u g h  a s h o r t  co lumn, 
th e  f r a c t i o n  b . p .  137°-138°C  b e i n g  c o l l e c t e d .  Y ie l d  7 g .
( 70 fo ).
C yc lop e n t y l  b rom ide . ( 7 2 ) .•
7 g# o f  c y c l o p e n t a n o l  were  p l a c e d  i n  a f l a s k  f i t t e d  
w i th  a s t i r r e r , a d r o p p i n g  f u n n e l  and a c a lc iu m  c h l o r i d e  
t u b e . The f l a s k  was c o o le d  t o  0°C i n  an  i c e / s a l t  b a t h ,  
and 2 .7 5  CCS. (7*B g , ) .  o f  p h o s p h o r u s  t r i b r o m i d e  a d d e d ,  
w i t h  s t i r r i n g ,  o v e r  a b o u t  an  h o u r ,  th e  t e m p e r a t u r e  b e i n g  
k e p t  below 0°C, The s t i r r i n g  was c o n t in u e d  f o r  a f u r t h e r  
two h o u r s  and t h e  m i x t u r e  a l lo w e d  t o s t a n d  o v e r  t h e  w eekend . 
M ater  was t h e n  a d d e d , and th e  m i x t u r e  s te am —d i s t i l l e d ,
The low er  l a y e r  o f  t h e  d i s t i l l a t e  was s e p a r a t e d ,  washed 
w i t h  10% sodium c a r b o n a t e  s o l u t i o n  and d r i e d  o v e r  c a lc iu m
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c h l o r i d e .  ^  f i n a l  d i s t i lH a b io n  was d i s p e n s e d  w i t h .
Y i e l d  2 . 2  g .  ( 1 8 .2 % ) .
T h i s  p r e p a r a t i o n  was l a t e r  r e p e a t e d  on a l a r g e r  
s c a l e ,  t o  p r o v i d e  m a t e r i a l  f o r  th o  p r e p a r a t i o n  o f  
H- c y c l o p o n t y l a n i l i n e .
N - c y c l o p e n t y l p i p e r i d l n e . (S3)
2 .2  g* o f  c y c l o p e n t y l  b ro m id e  were h e a t e d  t o  b o i l i n g ,  
u n d e r  r e f l u x ,  w i t h  2 .5 2  g .  o f  p i p e r i d i n e #  The co n te n t i s  o f  
th e  f l a s k  s o o n  s o t  t o  a c r y s t a l l i n e  s l u r r y .  T h is  was 
t a k e n  up i n  e t h e r ,  th o  e t h e r  removed and th o  o i l y  r e s i d u e  
d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .  The f r a c t i o n  b .p *  
8 0 ° C / l0  mm. was c o l l e c t e d .  Y i e l d  1*1 g .  (48% ).
P i c r a t e # The c o n d e n s e r  from t h i s  d i s t i l l a t i o n  was washed 
th ro u g h  w i t h  e t h e r ,  and the  w as h in g s  c o n c e n t r a t e d  down and 
th en  t r e a t e d  w i t h  p i c r i c  a c i d  s o l u t i o n .  A y e l lo w  
c r y s t a l l i n e  p i c r a t e ,  m e l t i n g  p o i n t  1 6 7 ° - l 6 8 ° 0  was o b ta in e d *  
O x a l a t e . few d ro p s  o f  N -c y c l o p e n t y l p i p e r i d i n e  v/ere 
h e a t e d  w i th  a l i t t l e  o x a l i c  a c i d ,  and j u s t  s u f f i c i e n t  w a t e r  
was added  to  o b t a i n  c o m p le t e  s o l u t i o n .  On c o o l i n g  and 
s c r a t c h i n g  n o c r y s t a l l i s a t i o n  was e f f e c t e d . A l i t t l e  
more o x a l i c  a c i d  was added and t h e  h e a t i n g  and c o o l i n g  
r e p e a t e d  t w i c e , when a c r y s t a l l i n e  o x a l a t e  was f o r m e d ,  
m .p .  1 7 6 ° - 1 8 1 ° 0 .
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P r e p a r a t i o n  o f  c y c l i c  o r g a n i c  b a s e s  «
P r e p a r a t i o n  o f  4 : 5  d i p h e n y l  g l y o x a l i n e  » (55) •'
(1 )  1 0 .5  g .  o f  b e n a i l ,  1 . 3  g# o f  hexame t h y l e n e  t e  t  rami n e ,
30 g .  of  ammonium a c e t a t e  and 250 cos* o f  g l a c i a l  a c e t i c  
a c i d  were r e f l u x e d  t o g e t h e r  f o r  one h o u r .  The s o l u t i o n  
was t h e n  p o u re d  i n t o  a l a r g e  e x c e s s  of  c o ld  w a t e r .  A 
s l i g h t  c l o u d i n e s s  a p p e a r e d ,  b u t  no a p p r e c i a b l e  s o l i d  
d e p o s i t  was o b t a i n e d  even  on s t a n d i n g  o v e r n i g h t .
The b u l k  o f  t h e  s o l u t i o n  was c o n s i d e r a b l y  r e d u c e d  by  
e v a p o r a t i o n ,  and on c o o l i n g  a s o l i d  p r o d u c t  was o b t a i n e d .
The y i e l d  o f  c ru d e  d ry  m a t e r i a l  was 10 g .  (90%), and a f t e r  
one r e c r y s t a l l i s a t i o n  from e t h a n o l ,  5*4 g* o f  l i g h t  brown 
c r y s t a l s  were o b t a i n e d ,  m .p .  2 3 2 ° - 2 3 7 ° 0 .  D i l u t i o n  o f  t h e  
l i q u o r s  w i th  w a te r  g a v e  a f u r t h e r  3*3 g# o f  a b u f f  p o w d er ,  
m .p .  2 2 9 ° -2 3 6 °C .  T o t a l  y i e l d  8 . 7  g .  (80%).
( 2 ) 5 2 . 5  g .  o f  b e n z i l ,  6 .5  g» o f  h ex a m e th y len e  t e t r a m i n e ,  
150  g* o f  ammonium a c e t a t e  and 1 2 5 0  c c s .  o f  a c e t i c  a c i d
were h e a t e d  t o g e t h e r  u n d e r  r e f l u x  f o r  one h o u r .  A f t e r  
t h e  s o l u t i o n  had c o o le d  i t  was pou red  i n t o  a p p r o x i m a t e l y  
t e n  l i t r e s  o f  w a t e r . The r e s u l t a n t  t u r b i d i t y  was removed 
by a l l o w i n g  th e  m i x t u r e  t o  s t a n d  w i th  a l i t t l e  n o r i t  f o r  
a s h o r t  p e r i o d ,  a g i t a t i n g  from t im e to  t i m e .  The c h a r c o a l  
was f i l t e r e d  o f f  and the  g l y o x a l i n e  p r e c i p i t a t e d  by a d d i t i o n  
o f  a b o u t  one l i t r e  o f  0 .8 8 0  ammonia s o l u t i o n .  The c r u d e  
p r o d u c t  was c r y s t a l l i s e d  by  a d d i n g  2 5 O c c s .  o f  h o t  w a t e r  t o  
a s o l u t i o n  o f  t h e  p r o d u c t  i n  250 c c s .  o f  h o t  p y r i d i n e *
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The g l y o x a l i n e  a p p e a r e d  a s  w h i t e  g l i s t e n i n g  c r y s t a l s ,  
w e i g h t  4 0 * 2  g #, m , p , 232^-^230^G* D i l u t i o n  o f  th e  l i q u o r s  
w i t h  w a te r  gave a f u r t h e r  3 g* o f  a l i g h t  h rown p o w d e r , 
m .p .  2 2 2 ° -2 2 7 °C .  T o t a l  y i e l d  43.-2 g .  (7%%).
P r e p a r a t i o n  o f  t e t r g m e t h y l p y r a z i n e c  ( 5 6 ) «
20 g* of d i a c e t y l  monoxime were added g r a d u a l l y  t o  a 
s t i r r e d  m i x t u r e  o f  82 g .  o f  s t a n n o u s  c h l o r i d e  and 120 ccs*  
o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  c o n t a i n e d  i n  a b e a k e r  
c o o le d  b i c e  and s a l t  so t h a t  t h e  t e m p e r a t u r e  o f  th e  
m i x t u r e  was k e p t  b e tw e e n  3°C and lO^C* At th e  end  o f  
t h e  a d d i t i o n  t h e  m i x t u r e  was d i l u t e d  w i t h  180 ccs# o f  
w a t e r ,  and th e n  360 ccs#  o f  33% sodium h y d r o x id e  s o l u t i o n  
were added g r a d u a l l y ,  w i t h  s t i r r i n g ,  th e  t e m p e r a t u r e  
b e i n g  k e p t  be tw een  40^0 and 50^0# A s o l u t i o n  o f  54#4 g» 
o f  m e r c u r i c  c h l o r i d e  i n  120 ccs*  o f  h o t  w a t e r  was a d d e d ,  
and th e  m i x t u r e  was a l l o w e d  to  s t a n d  o v e r n ig h t *
The m i x t u r e  was t h e n  s te am  d i s t i l l  d ,  and t e t r a m e t h y l -  
p y r a z i n e  h y d r a t e  c r y s t a l l i s e d  from th e  d i s t i l l a t e  on 
c o o l in g *  Y i e l d  11 g .  ( 7 2 $ )*
The f r e e  b a s e  was p r e p a r e d  by  d i s t i l l i n g  10 g * o f  
t h i s  h y d r a t e *  A f t e r  rem ova l  o f  th e  w a t e r ,  t h e  b a s e  
d i s t i l l e d  a t  1 8 8 ° - 1 9 0 ° C .  Y i e l d  3*5 g* ( W ) .
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P r e p a r a t i o n  o f  2; 3 - d i m e t h y l Q u i n o x a l i n e  >, ( 5 7 ) *
D i a c e t y l .  ( 7 3 )♦
10 g ,  o f  d i a c e t y l  monoxime and a s o l u t i o n  o f  32  go 
o f  sodium b i s u l p h i t e  i n  70 ccs# o f  w a t e r  were a l lo w e d  to  
s t a n d  o v e r n i g h t  a t  room t e m p e r a t u r e . The m ix t u r e  was 
f i l t e r e d  and 100 cosc  o f  d i l u t e  s u l p h u r i c  a c id  were added 
to  t h e  f i l t r a t e ,  # h i c h  was th e n  d i s t i l l e d  from a sand b a th  
u n t i l  a l l  th e  y e l l o w  o i l y  l i q u i d  had come overq  T h is  
l i q u i d  was n e u t r a l i s e d  w i t h  c a l c iu m  c a r b o n a t e  and d i s t i l l e d  
a g a in q  The d i s t i l l a t e  was t r e a t e d  w i t h  s a l t  and d i s t i l l e d  
y e t  a g a i n .  The y e l l o w  u p p e r  l a y e r  was s e p a r a t e d  and dried 
o v e r  c a l c i u m  c h l o r i d e *  The p r o d u c t  b e i n g  i n  s m a l l  amount 
a f i n a l  d i s t i l l a t i o n  was o m i t t e d .  Y ie l d  0 ,7 2  (8% )q
Co n d e n s a t i o n  o f  d i a c e t y l  w i t h  o - p h e n y le n e  d iam ineo
A b u f f e r  s o l u t i o n  o f  pH 5 was made up from 10 c c s .
o f  2W a c e t i c  a c i d  s o l u t i o n  and 100 c c s , o f  H sodium a c e t a t e
s o l u t i o n .
0*72  g* o f  d i a c e t y l  and 1 g ,  o f  o - p h e n y le n e  d ia n h n e  
i n  53 CCS* o f  t h i s  b u f f e r  s o l u t i o n ,  were a l lo w e d  t o  ..stand 
t o g e t h e r  a t  room t e m p e r a t u r e .  C r y s t a l l i s a t i o n  b egan  a t  
o n c e , and a f t e r  two t o  t h r e e  days  th e  l i g h t  brown p r o d u c t  
was f i l t e r e d  o f f .  Y i e l d  1 , 1  g .  ( 83%)? m,p* 103°-106°Cq 
C o n d e n s a t io n  o f  d i a c e t y l  monoxime w i th  o - p h e n y le n e  d iamine . .
1 g ,  of  d i a c e t y l  monoxime and 1 g ,  o f  o -p h e n y le n e  .
d iam in e  were a l lo w e d  t o  r e a c t , u n d e r  t h e  same c o n d i t i o n s -
i n  55 c c s .  o f  t h e  b u f f e r  s o l u t i o n .  Brown n e e d l e  shaped
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c r y s t a l s  o f  t h e  d i a c e t y l  monoxime d e r i v a t i v e  o f  
2: 3 ‘~ d i m e t h y l g u i n o x a l i n e  were fo rm e d .  Y ie l d  1*45 g#
( 6 2 * 3 ^ ) ,  m .p i  180°C.
2 Î 3 - d i m e t h y l q u i n o x a l i n e  was o b t a i n e d  from t h i s  
m a t e r i a l  by t r e a t m e n t  w i t h  d i l u t e  c a u s t i c  soda  s o l u t i o n  
and e x t r a c t i o n  w i t h  e t h e r *
P r e p a r a t i o n  o f  i s o - n i c o t i n i c  a c i d ,  ( 7 4 ) *
92 g .  o f  ^ - p i c o l i n e  and I 3 0 0  c c s 4 o f  w a t e r  were h e a t e d  
t o  b o i l i n g  u n d e r  r e f l u x .  3 8 0  g ,  o f  p o t a s s i u m  p e rm a n g an a te  
were added  t o  t h e  b o i l i n g  s o l u t i o n  i n  p o r t i o n s  o f  2 0 - 3 0  g# 
over  a b o u t  one h o u r .  The p e rm a n g a n a te  w hich  rem ained  
a d h e r i n g  t o  t h e  s id e a r m  w as  washed i n  w i t h  w a t e r ,  and a t  
th e  end o f  t h e  a d d i t i o n  t h e  whole  was b o i l e d  f o r  a f u r t h e r  
f i f t e e n  m i n u t e s .  A l th o u g h  no s t i r r e r  was em p lo y ed , awkward 
bumping was n o t  e n c o u n t e r e d .
The m i x t u r e  was f i l t e r e d . . h o t , and t h e  m anganese  
d i o x i d e  r e t a i n e d  on th e  f i l t e r  was washed w i t h  h o t  w a te r  
( i n  two p o r t i o n s  t h e  f i r s t  o f  4 ^ 0  c c s .  t h e  second  200  c c s * ) .  
The combined f i l t r a t e s  w ere  c o n c e n t r a t e d ,  u n d e r  r ed u ce d  
p r e s s u r e ,  by h e a t i n g  on a b o i l i n g  w a t e r  b a t h  u n t i l  t h e  
volume had b e e n  r e d u c e d  t o  a b o u t  300 c c s .  Then th e  
s o l u t i o n  was a c i d i f i e d  c a r e f u l l y  w i th  1 0 0  ccs*  o f  g l a c i a l  
a c e t i c  a c i d , and c o o l e d .  The p r o d u c t  was f i l t e r e d  o f f  
and washed w i t h  co ld  w a t e r ,  A s m a l l  second  c ro p  was 
o b t a i n e d  by a d d in g  a f u r t h e r  3 0  c c s ,  o f  g l a c i a l  a c e t i c  
a c i d  to  t h e  f i l t r a t e ,
- 106-
The w h i t e  c r y s t a l l i n e  s o l i d  h e l d  t e n a c i o u s l y  t o  
w a t e r ,  and was d r i e d  by w a s h in g  w i t h  a l i t t l e  a l c o h o l ,  
d r y in g  i n  a d e s i c c a t o r  o v e r  a n h y d ro u s  p o t a s s i u m  c a r b o n a t e  
and sodium h y d r o x id e  and t h e n  i n  th e  o v en .  Y i e l d  80 g* 
{66%),  m .p .  2 8 5 ° -2 9 0 ° C .
One r e c r y s t a l l i s a t i o n  from h o t  w a t e r  r a i s e d  t h e  m e l t i n g  
p o i n t  of  a sample  t o  312^-316^,0 ,  and any m a t e r i a l  t o  be 
u sed  was f i r s t  p u r i f i e d  i n  t h i s  way*
R e a c t i o n  o f  d lb ro m o cy c 1op e n t e n e  w i th  v a r i o u s  o r g a n i c  b a s e s # 
The r e a c t i o n s  were  c a r r i e d  o u t  i n  a l m o s t  e s t a c t l y  th e  
same manner i n  e a c h  case*  1 g* o f  t h e  b a s e  was t a k e n ,  a 
l i t t l e  c h lo ro f o rm  added  and th e  c a l c u l a t e d  volume o f  a 
c h l o r o f o r m  s o l u t i o n  o f  d ib rom oc y c l o p e n te n e  added* The 
m i x t u r e  was a l lo w e d  t o  s t a n d  f o r  one or  two d a y s ,  and th e  
c h l o r o f o r m  th e n  removed u n d e r  r e d u c e d  p r e s s u r e  a t  room 
t e m p e r a t u r e  * 
feC-picoline *
2*9 CCS * o f  d ib ro m o c y c l o p e n t e n e  s o l u t i o n  were used*  
A sample o f  t h e  r e s id u e . ,  a f t e r  rem o v a l  o f  t h e  c h l o r o f o r m ,  
was e x t r a c t e d  w i th  w a t e r , and t h e  e x t r a c t  made a l k a l i n e  w i t h  
d i l u t e  sodium h y d r o x id e  s o l u t i o n *  A re d -b ro w n  c l o u d i n e s s  
a p p e a r e d ,  b u t  no p r e c i p i t a t e  was o b ta i n e d *  On s h a k in g  
w i th  c h l o r o f o r m  th e  o r g a n i c  l a y e r  was c o l o u r e d  deep r e d ,  
i n  th e  same way a s  w i t h  t h e  p y r i d i n i u m  y l i d e *
The r e s t  o f  th e  r e s i d u e  was l e f t  a t  room t e m p e r a t u r e  
f o r  abou t  one and a h a l f  y e a r s ,  and th e n  t e s t e d  w i th  d i l u t e
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sodium h y d r o x i d e  s o l u t i o n .  A c r y s t a l l i n e  r ed -b ro w n  
p r e c i p i t a t e  was formed s l o w l y ,  much more r a p i d l y  i f  a 
40$  sodium h y d r o x id e  s o l u t i o n  was u s e d .
No f u r t h e r  work was done on th e  y l i d e  p r e p a r e d  i n  
t h i s  wayo 
/3 - p i c o l i n e .
The p r o d u c t  from y '^ -p i c o l i n e  was t r e a t e d  i n  e x a c t l y  
t h e  same way^ I n  th e  f i r s t  b a s i f i c a t i o n  a v e r y  d a r k  r e d
amorphous p r e c i p i t a t e  was fo rm e d , w h ic h  im p a r t e d  t h e  
f a m i l i a r  c o l o r a t i o n  t o  c h lo ro fo rm *
The a l k a l i n e  t r e a t m e n t  o f  t h e  p r o d u c t  a f t e r  t h e  
p r o lo n g e d  s t a n d i n g  y i e l d e d  a r o d -b ro w n  c r y s t a l l i n e  
p r e c i p i t a t e  a s  w i th  p y r i d i n e .
>( "^ p lco l in e  *
On t r e a t m e n t  w i t h  a l k a l i  a  r ed -b ro w n  c r y s t a l l i n e  
p r e c i p i t a t e  was o b t a i n e d ,  w h ich  compared a l m o s t  e x a c t l y  
w i th  p y r i d i n i u m  c y c l o p o n t a d i e n y l i d e . The p r o d u c t  was 
s l i g h t l y  b row ner  i n  c o l o u r  and was a l i t t l e  more s t a b l e  
t o  t h e  a t m o s p h e r e .
I n  an e x p e r i m e n t  u s i n g  5 c c s .  o f  y - p i c o l i n e  and
1 4 . 5  CCS# o f  t h e  d lb rom oc y c l p p e n t e n e  s o l u t i o n  1*83 g .  
(44%) o f  j ^ - p i c o l i n i u m  c y c l o p e n t a d i e n y l i d e  were o b t a in e d *
On t r e a t m e n t  o f  th e  i n t e r m e d i a t e  w i t h  a l c o h o l i c  
p i c r i c  a c id  s o l u t i o n ,  a p i c r a t e  was formed which  was 
r e c r y s t a l l i s e d  from b o i l i n g  w a t e r ,  m .p ,  223°-223°C* 
A n a l y s i s  (6 6 )  a g r e e d  w e l l  w i t h  t h e  r e q u i r e d  v a l u e  f o r
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d i - ^ - p i c o l i n i u m  c y c l o p e n t e n e  d i p r i c a t e *
4 t t e m p t e a  h y d r o g e n a t i o n  o f  y - p i c o l i n i u m  c y c l o p e n t a d i e n y l i d e  *
ii. H y d r o g é n a t i o n  was s e t  up as  w i t h  th e  p y r i d i n i u m  
y l i d e  b u t  u s i n g  0 ,8 8  g ,  o f  y - p i c o l i n i u m  c y c l o p e n t a d i e n y l i d e  & 
il n e g l i g i b l e  volume of h y d ro g e n  was a b s o rb e d  even  a f t e r  
s e v e r a l  h o u r s  s h a k i n g ,  and a d d i t i o n  o f  a f u r t h e r  q u a n t i t y  
o f  t h e  c a t a l y s t *
A f r e s h  b a t c h  o f  Adams* c a t a l y s t  was p r e p a r e d ,  a more 
c a r e f u l  c o n t r o l  o f  t h e  t e m p e r a t u r e  o f  f u s i o n  b e i n g  e x e r c i s e d  
by u s e  o f  a th e rm o c o u p le  * The a c t i v i t y  o f  t h i s  c a i t a l y s t
was t e s t e d  by h y d r o g en a t in g  c y c lo h e x e n e , t h e  c a l c u l a t e d  
volume o f  h y d ro g e n  b e i n g  a b s o rb e d  b r i s k l y *
A second  h ydrogen at ion  o f  th e  y l i d e  was a t t e m p t e d  
u s in g  t h i s  f r e s h  c a t a l y s t  but  a g a in  o n ly  a very sm al l  
volume o f  h y d ro g e n  was a b s o r b e d .  I n  n e i t h e r  c a s e  was 
t h e  red c o l o u r  o f  t h e  s o l u t i o n  d i s c h a r g e d ,  and th e  y l i d e  
cou ld  be r e c o v e r e d  by removal o f  th e  s o l v e n t .
2 : 6 - l u t i d i n e .
2 .5  CCS. o f  d ibrom oc y c l o p e n t e n e  s o l u t i o n  * A* were 
u s e d .  I n i t i a l l y  v e r y  l i t t l e »  c o l o u r e d  m a t e r i a l  was formed 
on a d d i t i o n  o f  a l k a l i  to  th e  aq u e o u s  e x t r a c t  o f  th e  
r e s id u e  a f t e r  rem oval  o f  c h l o r o f o r m .
A f t e r  the  m ix t u r e  had b e e n  a l lo w ed  t o . stand a t  the  
i n t e r m e d i a t e  s tage  f o r  one and a h a l f  y e a r s , a l k a l i n e  
trea tm en t  produced  some c r y s t a l l i n e  p r e c i p i t a t e  o f  r e d -  
brown 2 : 6 - l u t i d i n i u m  c y c l o p e n t a d i e n y l i d e , which  gave th e
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u s u a l  c o l o u r  i n  c h l o r o f o r m .
2 : 4 : 6 - c o l l i d i n e  *
2 .2  CCS. o f  d ib ro m o c y c l o p e n t e n e  s o l u t i o n  * A* were 
used*  On i n i t i a l  a d d i t i o n  o f  the  sodium h y d r o x id e  
s o l u t i o n  no c o l o u r e d  p r o d u c t s  were o b t a i n e d .  The p r o d u c t  
which  had b e e n  a l lo w e d  to  s tan d  f o r  one and a h a l f  y e a r s  
y i e l d e d  a s m a l l  amount o f  a d a r k  r e d  p r e c i p i t a t e  on 
t r e a t m e n t  w i th  40% sodium h y d r o x id e  s o l u t i o n ,  and t h e  
f a m i l i a r  r ed  c o l o r a t i o n  was o b t a i n e d  on s h a k i n g  a s m a l l  
q u a n t i t y  o f  t h e  a l k a l i n e  m i x t u r e  w i t h  an o r g a n i c  s o l v e n t .
An a l c o h o l i c  s o l u t i o n  o f  th e  i n t e r m e d i a t e ,  w h ich  had 
c r y s t a l l i s e d  a f t e r  t h e  p r o l o n g e d  s t a n d i n g ,  was t r e a t e d  
w i th  s a t u r a t e d  e t h a n o l i c  p i c r i c  a c i d ,  A brown p r e c i p i t a t e  
was fo rm e d ,  w h ich  was c o l l e c t e d  by f i l t r a t i o n .  T h i s  p ro v ed  
to  be an i n t r a c t a b l e  gum which  cou ld  n o t  be  c r y s t a l l i s e d  
from w a t e r ,  o r  an y  o f  th e  common o r g a n i c  s o l v e n t s .  The 
a l c o h o l i c  f i l t r a t e ,  a f t e r  s e p a r a t i o n  o f  t h i s  p r e c i p i t a t e ,  
was a l lo w e d  to  s ta n d  f o r  two t o  t h r e e  d ay s  when a brow n 
d e p o s i t  was o b t a i n e d , A f t e r  c r u s h i n g  and r e c r y s t a l l i s i n g  
from w a t e r , a b r i g h t  y e l l o w  c r y s t a l l i n e  p r o d u c t  was 
o b t a i n e d ,  m ,p .  132^0 ,  A mixed m e l t i n g  p o i n t  d e t e r m i n a t i o n
c o n f i rm e d  t h i s  t o  be  t h e  p i c r a t e  o f  2 : 4 : 6 - c o l l i d i n e  
( m . p , 1 3 6 ^0 ) ,
aio-
i  s oQ u i n o l i n e •
2 . 1  CCS. o f  d ib ro m o c y c l o p o n te n e  s o l u t i o n  * A* were 
u s e d .  Ko c o l o u r e d  m a t e r i a l s  were formed when t h e  r e a c t i o n  
p r o d u c t  was t r e a t e d  w i t h  sodium h y d r o x id e  s o l u t i o n ,  
c o n c e n t r a t e d  o r  d i l u t e ,  h o t  o r  c o l d ,  ev en  a f t e r  t h e  r e s i d u e  
had b e e n  a l lo w e d  to  s t a n d  f o r  s i x t e e n  m o n th s .
A p i c r a t e  p r e p a r e d  from an  a l c o h o l i c  s o l u t i o n  o f  t h e  
i n t e r m e d i a t e ,  and r e c r y s t a l l i s e d  from w a t e r ,  p ro v e d  to  be 
a lm o s t  e n t i r e l y  i s o g u i n o l i n i u m  p i c r a t e ,  a l t h o u g h  some 
s l i g h t  d e c o m p o s i t i o n  was o b s e rv e d  j u s t  below t h e  m e l t i n g  
p o i n t ,  ( A n a l y s i s ,  7 0 ) ,
Qu i n o l i n e ,
2 .1  CCS, o f  d ib ro m o c y c l o p e n t e n e  s o l u t i o n  * A* were 
u s e d .  The p r o d u c t  from th e  r e a c t i o n  was t r e a t e d  a s  i n  
t h e  i s o q u i n o l i n o  e x p e r i m e n t  b u t  no e v i d e n c e  o f  y l i d e  
f o r m a t i o n  was o b t a i n e d .  On a d d i t i o n  o f  a l k a l i  a c l o u d i ­
n e s s  was f o r m e d , p r e s u m a b ly  an e m u l s io n  of p r e c i p i t a t e d  
q u i n o l i n e •
Te t ram e t h y l p y r a z i n e .
2 CCS 0 o f  d ibrom oc y c l o p e n t e n e  s o l u t i o n  * A* were 
u s e d .  The p r o d u c t  from th e  r e a c t i o n  was t r e a t e d  a s  i n  
th e  q u i n o l i n e  e x p e r i m e n t  w i t h  s i m i l a r  f a i l u r e  to  p ro d u ce  
any y l i d e .
2 ; 3 - d i m e t h y I q u i n o x a l i n e •
1 ,7  CCS, o f  d ib ro m o c y c lo p e n t e n e  s o l u t i o n  * yJ were 
u s e d .  A l k a l i n e  t r e a t m e n t  o f  t h e  r e s i d u e  a f t e r  rem o v a l  o f
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c h lo ro f o rm  y i e l d e d  no c o l o u r e d  m a t e r i a l *
p i c r a t e  was formed from an a l c o h o l i c  s o l u t i o n  o f  
t h e  i n t e r m e d i a t e *  T h i s  p i c r a t e  was r e c r y s t a l l i s e d  f rom  
a l c o h o l .  L a rg e  d a r k  g re e n  f e r n - l i k e  c r y s t a l s  were 
fo rm e d ,  m.p* 196*^-197*^ C, The p i c r a t e  was shown, by mixed 
m e l t i n g  p o i n t  w i th  an  a u t h e n t i c  s a m p le ,  t o  be t h e  p i c r a t e  
o f  2 Î 3 - d i m e t h y l  q u i n o x a l i n e *
4 : 5 - d i p h e n y l g l y o x a l i n e *
D ib ro m o c y c lo p e n te n e  was p r e p a r e d ,  i n  c h l o r o f o r m ,  
f rom 3 g* o f  cy d o p e n t  ad i e n e  and 2*13  c c s  * o f  b r o m i n e .
T h is  s o l u t i o n  was added w i t h  s t i r r i n g  t o  a s u s p e n s i o n  o f  
20 g .  o f  4 : 3 - d i p h e n y l g l y o x a l i n e  i n  a p p r o x i m a t e l y  300 cos* 
o f  c h l o r o f o r m .  S t i r r i n g  was c o n t in u e d  f o r  a b o u t  17 h o u r s  
d u r i n g  which  t im e no r e a c t i o n  was o b se rv e d *  The m ix t u r e  
was t h e n  re  f l u x e d  on t h e  w a te r  b a t h  f o r  3 - 6  h o u r s ,  and 
th e  s o l v e n t  removed* b u f f  p r e c i p i t a t e  o f  u n r e a c t e d
g l y o x a l i n e  r e m a in e d .
The t e m p e r a t u r e  o f  r e f l u x  was r a i s e d  by d i s s o l v i n g  
i n  a l c o h o l ,  b u t  a f t e r  s e v e r a l  days  r e f l u x i n g ,  no r e a c t i o n  
had  t a k e n  p l a c e ,  and no c o l o u r e d  m a t e r i a l s  w e re  o b t a in e d  
on t r e a t m e n t  o f  a sample w i t h  sodium h y d r o x id e  s o l u t i o n .  
T r im o th y la m in e  and T r i e t h y la m in e  •
4*3 CCS. o f  d ib ro m o c y c l o p e n t e n e  s o l u t i o n  * A* were 
mixed r e s p e c t i v e l y  w i t h  2 ,3  c c s ,  o f  t r i e t h y l a m i n e  and 
3 C C S ,  o f  t r i m e t h y l a m i n e  s o l u t i o n  i n  a l c o h o l  (33% w /w ),  
and a l lo w ed  to  s t a n d .  The c h l o r o f o r m  was rem o v ed , b u t
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t h e  r e s i d u e  i n  n e i t h e r  c a s e  gave a c o l o u r e d  p r o d u c t  on 
t r e a t m e n t  w i th  d i l u t e  sodium h y d r o x i d e  s o l u t i o n .
I n  v iew  o f  Spooncer* s p r e p a r a t i o n  o f  t r im ethy lam m onium  
c y c lo p e n t a d i e n y l i d e  ( 4 7 )?  t h e s e  p r o d u c t s  were r e t e s t e d  
r a t h e r  more th a n  a y e a r  l a t e r .  A v e r y  s m a l l  amount o f  
c o l o u r e d  m a t e r i a l  was form ed by warming t h e  t r i e t h y l a m i n e  
i n t e r m e d i a t e  w i th  40% sodium h y d r o x id e  s o l u t i o n .  An 
am moniacal  s m e l l  was n o t i c e d ,  and on e x t r a c t i n g  w i th  
c h l o r o f o r m  a v e ry  p a l e  ro d -b ro w n  o r g a n i c  l a y e r  was o b t a i n e d .  
No s o l i d  c o l o u re d  m a t e r i a l  was o b t a i n e d .  The t r i m e t h y l a m i n e  
e x p e r i m e n t  gave no p r o m i s i n g  r e s u l t s .
A p i c r a t e  was formed from  an a l c o h o l i c  s o l u t i o n  o f  
th e  i n t e r m e d i a t e  from t r i e t h y l a m i n e .  The p i c r a t e  was 
r e c r y s t a l l i s e d  from b o i l i n g  w a t e r ,  a n d  d e p r e s s e d  th e  
m e l t i n g  p o i n t  o f  a sample o f  t r i e t h y l a m i n e  p i c r a t e .  The 
p i c r a t e  o f  t h e  i n t e r m e d i a t e  decomposed o v e r  a ran g e  
230°-21+6°C. ( A n a l y s i s  6 9 . )
5 : 7 - d i m e t h y l - 2 ; 3 - b e n z o - l : 4 - d i a z e p l n e ,
1 g .  o f  t h e ' d i a z c p i n e  i n  a few ’ c c s .  o f . c h l o r o f o r m  
was a l lo w ed  t o  s t a n d , w i t h  1 ,5  c c s .  o f  d ib rom oc y c l o p e n t e n e  
s o l u t i o n ,  lA f tc r  a few m in u t e s  th e  deep red  o f  th e  
d i a z e p i n iu m  c a t i o n  was v i s i b l e q  A f t e r  two o r  t h r e e  days  
t h e  s o l u t i o n  was s t r o n g l y  red  c o l o u r e d ,  and th e  no rm al  
w o rk in g  up p r o c e d u r e  was made d i f f i c u l t  by th e  c o n s t a n t  
p r e s e n c e  o f  t h i s  deep c o l o u r e d  m a t e r i a l .  An a t t e m p t  to  
s e p a r a t e  th e  d i a z e p i n e  from any  y l i d e  fo rm ed ,  by
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d i f f e r e n t i a l  e x t r a c t i o n  of an  a l k a l i n e  s o l u t i o n  o f  th e  
r e a c t i o n  p r o d u c t  v j i th  c h l o r o f o r m ,  f a i l e d  a s  t h e  i n t e r f a c e  
was c o m p le t e ly  o b s c u re d  by  a d a r k  c o l o u r e d  s o l i d ,  i n s o l u b l e  
i n  c h l o r o f o r m ,  a d h e r i n g  t o  t h e  w a l l s  o f  t h e  s e p a r a t i n g  
f u n n e l*
i s o N i c o t i n i c  a c i d .
4 .  1 g .  o f  i ^ q n i c o t i n i c  a c i d  wore su spended  i n  a b o u t  
25 CCS. of  c h lo ro fo rm  and 10 c c s .  o f  d ib r o m o c y c lo p e n te n e  
s o l u t i o n  ’3 * were added* The b l u e - g r e e n  c o l o u r  o f  t h e  
s o l u t i o n  was d i s c h a r g e d *  The m i x t u r e  was a l lo w e d  to  s t a n d  
w i th  o c c a s i o n a l  s h a k i n g  f o r  s e v e r a l  d a y s ,  d u r i n g  w hich  t im e 
th e  c h l o r o f o r m  had e v a p o r a t e d *  A sample o f  t h e  r e s i d u e  
was t r e a t e d  w i th  sod ium  h y d r o x id e  s o l u t i o n ,  b u t  ev en  on 
h e a t i n g  w i t h  a 4 0 / s o l u t i o n  no e v i d e n c e  o f  any c o l o u re d  
p r o d u c t  was o b ta in e d *
Ammonia *
Dibromoc y c l o p e n t e n e  was p r e p a r e d  i n  t h e  u s u a l  way 
from 10 gr o f  cy c l o p e n t a d i e n e , th e  c h l o r o f o r m  b e i n g  removed 
u n d e r  r ed u ce d  p r e s s u r e  f rom  a warm w a t e r  b a t h .  The 
dibromo compound was t h e n  added  w i th  s h a k i n g  t o  20 c c s .  
o f  0*880 ammonia s o l u t i o n ,  which was c o o le d  by  a c e t o n e /  
s o l i d  c a rb o n  d i o x i d e .  A d a r k  brow n low er  l a y e r  a p p e a re d  
b u t  no v i g o r o u s  r e a c t i o n  was obse rved*  The s t o p p e r  was 
th e n  w ired  i n ,  u s i n g  a p i e c e  o f  r u b b e r  t u b i n g  a s  a s a f e t y  
v a l v e ,  and t h e  s h a k in g  c o n t i n u e d  w i t h  an a u t o m a t i c  sh a k e r*  
A f t e r  a b o u t  t h i r t y  m i n u t e s  t h e  p r e s s u r e  g e n e r a t e d  i n  t h e
- 1 1 4 -
f l a s k  was s u f f i c i e n t  t o  b lo w  o u t  t h e  s t o p p e r .  The 
s h a k e r  was s to p p ed '  and t h e  m i x t u r e  a l lo w e d  t o  s t a n d  
o v e r n i g h t .
The r e a c t i o n  m i x t u r e  was r e d ,  w i th  a w h i t e  c r y s t a ­
l l i n e  d e p o s i t  (p re sum ed  t o  be ammonium b ro m id e )  and some 
d a r k  t a r r y  m a t e r i a l *
A sample was w i th d r a w n  and d i l u t e d  w i th  w a t e r . The 
s o l u t i o n  was r e d , b u t  t h e  t a r r y  m a t e r i a l r e m a i n e d  u n d i s s o l v e d .  
The rod c o l o u r e d  m a t e r i a l  cou ld  n o t  be e x t r a c t e d  i n t o  
c h l o r o f o r m ,  e t h e r ,  e t h y l  a c e t a t e  o r  b e n z e n e ;  e x t r a c t i o n  
w i th  m e th y le n e  c h l o r i d e  was more s u c c e s s f u l ,  a l t h o u g h  
s e p a r a t i o n  o f  t h e  l a y e r s  was d i f f i c u l t ,  and some d a r k  
c o l o u r e d  m a t e r i a l  was formed d u r i n g  th e  p r o c e s s ,  and s t u c k  
to  t h e  w a l l s  o f  th e  s e p a r a t i n g  f u n n e l .  The e x t r a c t  was 
d r i e d  and th e  s o l v e n t  rem o v ed , u n d e r  r e d u c e d  p r e s s u r e ,  on 
a warm w a te r  b a t h <, A deep  r e d  v i s c o u s  gum r e m a in e d ,  which 
co u ld  n o t  be c r y s t a l l i s e d .  I t  was i n s o l u b l e  i n  w a t e r ,  b u t  
was s o l u b l e  i n  a l c o h o l  and m e th y le n e  d i c h l o r i d e .
An a l c o h o l i c  s o l u t i o n  o f  t h i s  gum gave a y e l lo w  
p r e c i p i t a t e  w i t h  p i c r i c  a c i d  s o l u t i o n ,  th e  m e l t i n g  p o i n t  
was i n d i s t i n c t  b u t  i n  t h e  r a n g e  1 2 0 ° - l 6 0 ^ G . A t te m p ts  a t  
t h e  p r e p a r a t i o n  o f  a p u r e  sam ple  were d e f e a t e d  by th e  
r a p i d  d e c o m p o s i t i o n  o f  t h e  p i c r a t e  on warming i n  s o l u t i o n *  
A t te m p ts  a t  t h e  p r e p a r a t i o n  o f  a t r i n i t r o b e n z e n e  
a d d u c t  or  an  a c e t y l  d e r i v a t i v e  f a i l e d  to  y i e l d  s a t i s f a c t o r y  
p r o d u c t s  0
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A n i l i n e  *
Dibrom oc y c l o p e n te n e  was p r e p a r e d  f rom  10 g* o f  
c y c lo p e n t a d i e n e  a s  b e f o r e ,  an d  added g r a d u a l l y  w i t h  
m e c h a n i c a l  s t i r r i n g  t o  30 c c s , o f  a n i l i n e  c o n t a i n e d  i n  a 
f l a s k  c o o l e d  i n  an i c e / s a l i  b a th o  A f t e r  a b o u t  t e n  m i n u t e s  
the  s t i r r e r  was slowed c o n s i d e r a b l y  by p r e c i p i t a t e d  s o l i d ,  
and when a l l  t h e  d ibrom o compound had b e e n  added t h e  r e ­
a c t i o n  m i x t u r e  was p r a c t i c a l l y  s o l i d *
The r e a c t i o n  m i x t u r e  was e x t r a c t e d  s e v e r a l  t im e s  w i t h  
c h l o r o f o r m ,  t h e  e x t r a c t s  b e i n g  f i l t e r e d  t o  remove th e  
w h i t e  a n i l i n i u m  bromide* The c h lo ro f o rm  e x t r a c t  was 
washed w i th  w a t e r  and d r i e d  o v e r  c a lc iu m  c h l o r i d e  *
The s o l v e n t  was removed from a p o r t i o n  o f  th e  e x t r a c t .  
Thk. r e s i d u e  was a d a r k  r e d  v i s c o u s  l i q u i d ,  which on rem ova l  
o f  t h e  l a s t  t r a c e s  o f  s o l v e n t  i n  a vacuum d e s i c c a t o r ,  gave 
a p u f f y  p l a s t i c - l i k e  m a t e r i a l  which c rum bled  to  a l i g h t  
r e d -b ro w n  s o l i d , m .p .  pa* 90^G* R e c r y s t a l l i s a t i o n  was 
v e r y  d i f f i c u l t  a s  t a r r i n g  to o k  p l a c e  on warming, ev en  i n  
a low b o i l i n g  s o l v e n t  such  a s  m e t h a n o l .  An a n a l y s i s  
sample  was p r e p a r e d  by c o o l i n g  an a l c o h o l i c  s o l u t i o n  i n  
a c e t o n e / s o l i d  c a r b o n  d i o x i d e  * A n a l y s e s ,  ( l )  and ( 6 2 ) ,
d id  n o t  c o r r e s p o n d  t o  an y  s im p le  y l i d e  s t r u c t u r e .
No s a t i s f a c t o r y  d e r i v a t i v e s  were o b t a i n e d *  A y e l l o w  
p i c r a t e  was formed from a n  a l c o h o l i c  s o l u t i o n ,  b u t  i t  
d a rk en ed  v e r y  r a p i d l y  on w arm ing .  A c é t y l a t i o n  w i t h  a c e t i c  
a n h y d r i d e  was a t t e m p t e d  b u t  o n ly  s t a r t i n g  m a t e r i a l s  were
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o b t a l n B d . S i m i l a r l y  r e f l u x i n g  w i t h  m e t h y l  i o d i d e  was
u n p r o d u c t i v e  0
G a t a l j v t i c  H y d ro g e n a t io n *
1065  g* of  th e  c ru d e  r e d - b ro w n  m a t e r i a l  w ere  d i s s o l v e d  
i n  35 0  C C S .  of  e t h a n o l  ( p r e v i o u s l y  r e f l u x e d  w i t h  Raney 
n i c k e l  and d i s t i l l e d )  and 60 c c s . o f  e t h y l  a c e t a t e  * The
s o l u t i o n  was s h a k e n  v / i th  Ranoy n i c k e l ,  f i l t e r e d ,  and 
h y d r o g e n a t e d  a t  room t e m p e r a t u r e  u s i n g  a l i t t l e  Adams^ 
p l a t i n u m  o x id e  c a t a l y s t o  Hydrogen was a b s o rb e d  s lo w ly #  
T o t a l  u p t a k e ,  i n c l u d i n g  h y d ro g e n  a b s o r b e d  by th e  c a t a l y s t ,
4 7 0  CCS* ( t h e o r e t i c a l  u p t a k e  f o r  two d o u b le  b o nds  a p p r o x i ­
m a t e l y  4 5 0  C C S # ) #
The c a t a l y s t  was f i l t e r e d  o f f  and th e  s o l v e n t s  
d i s t i l l e d  f rom  th e  w a te r  b a th *  The r e s i d u e  was d i s t i l l e d  
u n d e r  r e d u c e d  p r e s s u r e ,  t h e  m a in  f r a c t i o n ,  b # p ,  14 0 ^G /l4  mm « , 
b e i n g  ta k en *
A c o n c e n t r a t e d  a l c o h o l i c  s o l u t i o n  o f  t h i s  m a t e r i a l  was 
t r e a t e d  w i th  p i c r i c  a c i d  s o l u t i o n ,  b u t  no d e r i v a t i v e  was 
formed even  a f t e r  w arm ing ,  c o o l i n g ,  s c r a t c h i n g  and a l l o w i n g  
t o  s ta n d  f o r  t w e n t y - f o u r  h o u rs#
A l i t t l e  o f  t h e  d i s t i l l a t e  was h e a t e d  w i th  a c e t i c  
a n h y d r i d e  on th e  w a t e r  b a t h  f o r  h a l f  an  h o u r # The m i x t u r e  
was p o u red  i n t o  co ld  w a t e r ,  and a f t e r  s c r a t c h i n g  and a d d i n g  
ammonia s o l u t i o n  a w h i t e  s o l i d  p r o d u c t  was o b t a i n e d ,  
m e l t i n g  p o i n t  103^G# A mixed m e l t i n g  p o i n t  w i th  th e  
a c e t y l  d e r i v a t i v e  o f  N - c y c l q p e n t y l a n i l i n e  (m»pq89°-91°G)
w a s  6 0 ^ C -1 1 7 '
A mixed m e l t i n g  p o i n t  w i t h  a c e t a n i l i d e  (m.p# 112^0) 
was 106^Gp i n d i c a t i n g  t h a t  t h i s  was th e  p r o d u c t#  T h e re  
was ,  t h e r e f o r e ,  no r e a l  e v i d e n c e  o f  t h e  f o r m a t i o n  o f  t h e  
r e q u i r e d  y l i d e  or  i t s  r e d u c t i o n  p r o d u c t ,  (bu t  s ee  I I I , 6 ) •  
P r e p a r a t i o n  of  N- c y c 1 op e n t y l a n i l i n o  * ( 5 5 ) •
1 cc # o f  c y e l o p e n t y l  b ro m id e  was h e a t e d  w i t h  1*8 ccs# 
o f  a n i l i n e  f o r  a few m in u te s #  The m i x t u r e  was a l lo w e d  to  
c o o l  and was e x t r a c t e d  w i th  e t h e r , t h e  e t h e r  removed and 
th e  r e s i d u e  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e ,  t h e  f r a c t i o n  
b*p# 1 5 5 ° C / l2  mm. b e i n g  taken#.
A c e t y l  d e r i v a t i v e  «
A l i t t l e  N—c y e l o p e n t y l a n i l i n e  was h e a t e d  on th e  w a t e r  
b a t h  w i th  a c e t i c  a n h y d r i d e  f o r  h a l f  an  hour# The r e a c t i o n  
m i x t u r e  was p o u re d  i n t o  c o ld  ammonia s o l u t i o n  and th e  w h i t e  
c r y s t a l l i n e  p r o d u c t  (m#p» 89^—9l"^C) c o l l e c t e d  by  f i l t r a t i o n .
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P r e p a r a t i o n  o f  p h e n y l a t e d  c y c l o p e n t a d i e n e s #
P r e p a r a t i o n  o f  2 : 3 : U: 5 - t e t r a p h e n y l cy c1op e n t a d i e n e  ( 5 4 ) •
( l )  D e s o x y b e n z o in ,  ( 7 5 )•
220 g . o f  b e n z o in  were  d i s s o l v e d  i n  380 c c s . of g l a c i a l  
a c e t i c  a c i d  i n  a t h r e e  necked  f l a s k  f i t t e d  w i th  a m e c h a n i c a l  
s t i r r e r  and a w a te r  c o n d e n s e r  * The f l a s k  was h e a t e d  i n  an 
o i l  b a t h ;  t h e  t e m p e r a t u r e  o f  t h e  o i l  was a b o u t  l6 0 °G ,  w i t h  
th e  c o n t e n t s  of  t h e  f l a s k  a t  a b o u t  95^C a t  s o l u t i o n *
6607  g* o f  z i n c  were t h e n  added a s  r a p i d l y  a s  p o s s i b l e ,  
c a r e  b e i n g  t a k e n  to  a v o id  e x c e s s i v e  f r o t h i n g #  The a c e t i c  
a c i d  was by now r e f l u x i n g  b r i s k l y  and on s e t t l i n g  down th e  
b a t h  t e m p e r a t u r e  was a p p r o x i m a t e l y  155^G, w i t h  t h e  c o n t e n t s  
o f  t h e  f l a s k  a t  125°G# The r e f l u x i n g  was c o n t i n u e d  f o r  
a b o u t  e i g h t  h o u r s ,  by w hich  t im e  a sample w i th d ra w n  no 
l o n g e r  gave a f l o c c u l e n t  p r e c i p i t a t e  when added to  co ld  
w a te r  #
The m i x t u r e  was p o u re d  i n t o  h o t  w a te r  and b o i l e d  u n t i l  
th e  o i l  c o l l e c t e d  a t  th e  bottom* I t  was t h e n  c o o l e d ,  
f i l t e r e d  and t h e  s o l i d  washed w i th  w a te r  and d i s s o l v e d  i n  
e t h a n o l *  The z i n c  was removed by f i l t r a t i o n  and t h e  
a l c o h o l i c  s o l u t i o n  d i s t i l l e d  u n d e r  r ed u ce d  p r e s s u r e *  The 
a l c o h o l  was removed a t  w a t e r  pump p r e s s u r e  on th e  w a t e r  
b a t h  b u t  t h e  d e s o x y b e n z o i n  d id  n o t  come o v e r  a t  t h i s  p r e s s u r e *  
I t  d i s t i l l e d  a t  a b o u t  3 mm * p r e s s u r e  when h e a t e d  i n  an  o i l  
b a t h ,  and s o l i d i f i e d  i n  t h e  r e c e i v i n g  f l a s k #
Y i e l d  162 g .  ( 7 9 .6 % ) ,
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(2 )  M e th y len e  b i s d e s o x y b en z o ln #
162 g# o f  d e s o x y b e n z o i n  were su sp e n d ed  i n  a m i x t u r e  
o f  6 3 0  CCS# m e th a n o l  a n d  3 0 .8  g# o f  40% fo rm a ld e h y d e  i 
s o l u t i o n #  A s o l u t i o n  o f  4 6 ;8  g .  o f  p o t a s s i u m  h y d r o x i d e  
i n  27#3  CCS. o f  w a t e r  and I 60  c c s .  o f  m e th a n o l  was ad d e d ,  
and t h e  whole s t i r r e d  m e c h a n i c a l l y .  The m i x t u r e  became 
y o l lo w  in  c o l o u r ,  and th e  d e s o x y b e n z o in  formed a t h i c k ,  
a l m o s t  s o l i d  o i l .  A f t e r  2^-3  h o u r s  s t i r r i n g ,  th e  
m e th y le n e  b i s d e s o x y b e n z o i n  had come o u t  a s  a f i n e  w h i t e  
s o l i d .  T h i s  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  
m e th a n o l  and d r i e d  a t  t h e  pump, and t h e n  i n  a vacuum 
d e s i c c a t o r  o v e r n i g h t .  Y i e l d  1 3 0  g# (78#3%)> m.p# 143°-" 146^0.  
The p r o d u c t  was s u f f i c i e n t l y  p u r e  t o  c o n t i n u e  v / i t h o u t  
f u r t h e r  t r e a t m e n t #
( 3 ) 2 : 3 : 4 : 5 ~ t e t r a p h e n y 1 - 3 : 4 - d i h y d r o x y c y c 1ope n t a n e .
The l a r g e  volumes o f  a c e t i c  a c id  i n v o l v e d  n e c e s s i t a t e d  
th e  n e x t  s t a g e  b e i n g  done b a t c h  w i s e .
The d i k e t o n e  was d i s s o l v e d  i n  b o i l i n g  g l a c i a l  a c e t i c  
a c i d , and z i n c  d u s t  added o v e r  t h r e e  h o u r s .  The m ix tu r e  
was b o i l e d  f o r  a f u r t h e r  h o u r  and th e  h o t  s o l u t i o n s  were 
d e c a n te d  from t h e  z i n c  i n t o  an  e x c e s s  of  c o l d  w a te r#
The s e p a r a t e  p o r t i o n s  o f  x in c  were t h e n  e a c h  e x t r a c t e d  
tw ic e  w i th  100 c c s .  o f  b o i l i n g  g l a c i a l  a c e t i c  a c i d  and th e  
e x t r a c t s  were added t o  t h e  m a in  b u lk #
T^e s t i c k y  p r e c i p i t a t e  which formed was f i l t e r e d  o f f ,  
and th e n  b o i l e d  up w i t h  w a t e r  so t h a t  i t  f i l t e r e d  more
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r e a d i l y »
The q u a n t i t i e s  u se d  w ere :  B a tc h e s  ( l )  and (2)
43 g* m e th y le n e  b i s d e s o x y b e n z o in *  750 c c s .  g l a c i a l  a c e t i c  
a c i d ,  and 133 g* %inc d u s t .  B a tc h  (3 )  40 g* m e th y le n e  
d e s o x y b e n z o i n ,  660 ccs*  g l a c i a l  a c e t i c  a c i d  and 120 g* 
z i n c  dus t*
(4 )  D e h y d r a t i o n  t o  2 t 3 : 4 : 3 - t e t r a p h o n y l oyc1o p e n t a d i e n e ,
The damp f i l t e r  cake  o f  t h e  d i h y d r o x y  compound was 
d i s s o l v e d  i n  one l i t r e  o f  h o t  g l a c i a l  a c e t i c  a c i d , and a 
s o l u t i o n  o f  63 C C S *  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  i n  
143  C C S .  of  g l a c i a l  a c e t i c  a c i d  was a d d e d .  The m i x t u r e  
was b o i l e d  and a f t e r  a few m i n u t e s  t h e  h y d r o c a r b o n  s e p a r a t e d  
a s  f i n e ,  a l m o s t  c o l o u r l e s s  n e e d l e s .  A f t e r  t e n  m in u t e s  th e  
m i x t u r e  was a l lo w e d  t o  c o o l ,  f i l t e r e d  and th e  p r o d u c t  
washed w i th  g l a c i a l  a c e t i c  a c i d  fo l lo w e d  by a l i t t l e  
m e th a n o l .  Y i e l d  70  g# (60% b a s e d  on th e  d i k e t o n e ) ,  
m .p ,  178°G.
At th e  end o f  s t a g e  (2 )  th e  l i q u o r s  were a l lo w e d  t o  
s t a n d  o v e r n i g h t , and a y e l lo w  c r y s t a l l i n e  s o l i d  was 
d e p o s i t e d .  T h i s  was c o l l e c t e d  by f i l t r a t i o n .  Ye i g h t
12 g . , m .p .  ( c r u d e )  9 6 ^0 , a f t e r  two r e c r y s t a l l i s a t i o n s  
from e t h a n o l ,  m .p .  94*3^0#
A sam ple  o f  t h i s  m a t e r i a l  a n a l y s e d  c o r r e c t l y  f o r  b e n z i l ,  
( 1 3 ) and was shown to  be b e n z i l  by mixed m e l t i n g  p o i n t  w i t h
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an a u t h e n t i c  sample* The m e l t i n g  p o i n t  o f  t h e  
d i n i t r o p h e n y l h y d r a z o n e 5 ( 1 8 5 ^ - 1 8 9 ° C ) , a l s o  c o r r e s p o n d e d  
w i t h  t h a t  from b e n z i l  (m.p* 189*^C),
The l i q u o r s ,  a f t e r  s e p a r a t i o n  o f  t h e  b e n z i l ,  were 
a g a i n  s e t  a s i d e  and a f t e r  t h r e e  o r  f o u r  weeks s t a n d i n g  a 
f u r t h e r  6 g .  o f  a w h i t e  s o l i d  were d e p o s i t e d *  I t s  
m e l t i n g  p o i n t  was 145^“"146^G, i n d i c a t i n g  t h a t  i t  was 
m e th y le n e  b i s d eso x y b en zo in *
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P r e p a r a t i o n  o f  2: 3 d i p h e n y l cy c 1 open tad  i e n e  ,
( a ) / 3 - b e n z o y l p r o p i o n l c  a c i d , ( 7 6 )#
I n  a two l i t r e  round  bo t tom ed  f l a s k ,  f i t t e d  w i t h  a 
m e c h a n i c a l  s t i r r e r  and two r e f l u x  c o n d e n s e r s ,  were  p l a c e d  
68  ge ( 0#68  mole o) o f  s u c c i n i c  a n h y d r i d e  and 3 3 0  g#
(i-u3 m o leso )  o f  sodium d r i e d  benzene#  The s t i r r e r  was 
s t a r t e d  and 200  g# ( l o 3 m o le s )  o f  powdered a n h y d ro u s  
a lum in ium  c h l o r i d e  ivere added a l l  a t  oncec The r e a c t i o n  
m i x t u r e  h e a t e d  up and h y d ro g e n  c h l o r i d e  was e v o l v e d # The 
f l a s k  was th e n  h e a t e d  to  r e f l u x  i n  an o i l  b a t h  f o r  h a l f  
an  h o u r  w i th  e f f i c i e n t  s t i r r i n g #
The m ix t u r e  was c o o le d  by s u r r o u n d i n g  th e  f l a s k  i n  
co ld  w a t e r ,  and 30 0  c c s  * o f  w a t e r  were s l o w l y  r u n  i n  
t h r o u g h  a d r o p p in g  f u n n e l  f i t t e d  t o  t h e  to p  o f  one o f  t h e  
c o n d e n s e r s *  100  c c s  « o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  
were added and t h e  b en z en e  removed by s team  d i s t i l l a t i o r .
The h o t  r e s i d u e  was t r a n s f e r r e d  to  a one l i t r e  beaker . ,  
when th e  - b e n z o y l p r o p i o n i c  a c i d  s e p a r a t e d  a s  an  o i l  which, 
soon  s o l i d i f i e d #  A f t e r  c o o l i n g  to  0°G, i t  was c o l l e c t e d  
a t  th e  w a t e r  pump and washed s u c c e s s i v e l y  w i t h  a co ld  
m i x t u r e  o f  30  c c s  # o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and 
130  ccso o f  w a t e r , and 20 0  c c s . o f  co ld  w a te r#
The c rude  a c i d  was t h e n  d i s s o l v e d  in  a s o l u t i o n  o f  
73 g* o f  a n h y d ro u s  sodium c a r b o n a t e  i n  3 0 0  c c s .  o f  w a te r  
by b o i l i n g  f o r  I 3 m in u te s #  The h o t  s o l u t i o n  was f i l t e r e d ,
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w i t h  s u c t i o n ,  and t h e  s m a l l  amount o f  a lu m in iu m  h y d r o x id e  
r e t a i n e d  on t h e  f i l t e r  was washed tw ic e  w i t h  30 c c ,  
p o r t i o n s  o f  h o t  w a te r#
4 g .  o f  c h a r c o a l  were added to  t h e  combined f i l t r a t e s  
and th e  whole s t i r r e d  f o r  a few m in u te s #  The c h a r c o a l  was 
f i l t e r e d  o f f ,  and th e  c l e a r  c o l o u r l e s s  f i l t r a t e  t r a n s f e r r e d  
t o  a two l i t r e  b e a k e r # The s o l u t i o n  was a c i d i f i e d  c a r e f u l l y  
w i t h  130  CCS, o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  and a f t e r  
c o o l i n g  t o  0°G i n  an  i c e / s a l t  b a t h  t h e  a c i d  was c o l l e c t e d  
and washed w e l l  w i th  c o ld  w a t e r #
The p r o d u c t  was d r i e d  o v e r n i g h t  a t  room t e m p e r a t u r e  
i n  a vacuum d e s i c c a t o r  and th e n  d r i e d  t o  c o n s t a n t  w e ig h t  
a t  40° -50°C „  Y i e l d  96 g .  (79%), m .p .  1 1 4 ° - U 5 ° 0 .
(b )  E t h y 1 / 3 - b e n z o y l p r o p i o n a t e .
The e s t é r i f i c a t i o n  was c a r r i e d  o u t  u s i n g  v a r i o u s  
p r o p o r t i o n s  o f  r e a c t a n t s ,  and d u r a t i o n s  o f  r e f l u x ,  t h e  
working-up p r o c e d u r e  b e i n g  t h e  same i n  e a c h  ca se#
( l )  20 g# o f / > - b e n z o y l p r o p i o n i c  a c i d ,  23  ccs# o f  a b s o l u t e
a l c o h o l  and 1 cc* o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  were 
r e f l u x e d  t o g e t h e r  f o r  tw e lv e  hours#  At th e  end o f  th e  
r e f l u x  th e  e x c e s s  a l c o h o l  was d i s t i l l e d  o f f ,  some w a te r  
added and the  m i x t u r e  e x t r a c t e d  w e l l  w i th  e t h e r #
The e t h e r  e x t r a c t  was washed w i t h  sodium c a r b o n a t e  
s o l u t i o n  and t h e n  w i t h  w a t e r ,  and d r i e d  ove r  an h y d ro u s  
sodium s u l p h a t e #  The e t h e r  was removed and t h e  e s t e r  
d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  on an o i l  b a th #
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The sodium c a r b o n a t e  e x t r a c t  was a c i d i f i e d  c a r e f u l l y  
w i th  h y d r o c h l o r i c  a c i d ,  and a  w h i t e  p r e c i p i t a t e  o f  u n r e a c t e d  
a c i d  (1  g * ) o b t a i n e d *  The p e r c e n t a g e  y i e l d  o f  t h e  e s t e r  
was c a l c u l a t e d  on t h e  b a s i s  o f  u n r e c o v e r e d  a c i d .  Y i e l d  
o f  e t h y l - b e n z o y l p r o p i o n a t e  1 1 * 1 4  g .  ( 5 0 *1 3 0 ? b * p * 1 2 4 ^ -  
12 8 °  C /1 .5  mm.
S u b s e q u e n t  r u n s  : -
( 2 ) Q u a n t i t i e s : -  10 g * / ^ - b e n z o y l p r o p i o n i c  a c i d ,  1 cc#
c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  4 0  ccs# 
a b s o l u t e  a l c o h o l .  Refluxed f o r  24  h o u r s  * 
R ecove red  a c i d  0*7 g* Y i e l d  o f  e s t e r :  
1 s t  f r a c t i o n  4*5 g . , b *p* 126^ -130^0/2  mm 
R e f r a c t i o n a t i o n  o f  2nd c u t  2*3 g , ? 
b . p .  1 2 6 ° -1 3 0 °G /2  mm. T o t a l  y i e l d
6 . 8  g .  ( 63%).
( 3 ) Q u a n t i t i e s : -  10  g ,  a c i d , 1 c c .  c o n c e n t r a t e d  s u l p h u r i c
a c i d ,  4 0  C C S ,  a b s o l u t e  a l c o h o l .
R e f l u x e d  f o r  40 h o u r s .  R eco v e red  a c i d  -  
n e g l i g i b l e .  Y i e l d  o f  e s t e r  2*04 g * , 
b * p .  1 2 6 ^ - 1 3 0 ^ 0/ 2  mm. The f l a s k  was 
b r o k e n  d u r i n g  t h e  working up,  b u t  as  th e  amount o f  a c id  
r e c o v e r e d  was s m a l l ,  a b e t t e r  y i e l d  was t o  be e x p e c te d  
and a s i m i l a r  r u n  was s e t  up*
(4)  C o n d i t i o n s  a s  ( 3 ) ,  b u t  a s l i g h t l y  l a r g e r  volume o f  
a l c o h o l .  R eco v e red  a c i d  -  n e g l i g i b l e *  Y i e l d  o f  e s t e r
9 . 1 4  g .  ( 79%), b . p .  1 2 4 ° -1 3 0 °C /2,0, mm
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(5 )  Q u a n t i t i e s : ~  20 go a c i d , 2 c c s , c o n c e n t r a t e d  s u l ­
p h u r i c  a c i d ,  45 C C S ,  a b s o l u t e  a l c o h o l s  
R e f l u x e d  f o r  45 h o u r s # R ecovered  
a c i d  -  n e g l i g i b l e #  Y i e l d  o f  e s t e r  
1 9 .8 2  g ,  ( 8 5 ,6 % ) ,  b , p .  1 2 0 ° -1 2 6 ° C / l , ,5  i.
(c) gl5~AiEbenyloyclopentaâiono, (62).
2 «45 g« ( . 1 0 3  go a tom s)  o f  c l e a n  sodium wero d ro p p e d ;  
i n  s m a l l  p i e c e s , down a w a t e r  c o n d e n s e r  i n t o  a b o u t  70 ccSo 
o f  d ry  a l c o h o l c  The l a s t  t r a c e s  o f  sodium were  d i s s o l v ' d  
by  warming on th e  w a t e r  b a t h ,  and the  e x c e s s  a l c o h o l  was 
th e n  removed u n d e r  r e d u c e d  p r e s s u r e o
The sodium e t h o x i d e  t h u s  o b t a i n e d  was mixed w i t h  
100 CCS# o f  s o d i u m - d r i e d  b en z en e  and 11 g , o f  e t h y l  
- b e n z o y l p r o p i o n a t e  were added# The m ix tu r e  was sh a k en  
o c c a s i o n a l l y  t o  c o m p le te  t h e  s o l u t i o n  o f  m o s t  o f  the  
sodium e t h o x i d e  and 6#5 go o f  a c e to p h e n o n e  were  added^
The f l a s k  was s t o p p e r e d  and a l lo w e d  t o  s t a n d  a t  40^0 f o r  
24  h o u r s , d u r i n g  which t im e  t h e  s o l u t i o n  became a deep 
o r a n g e - r e d  c o l o u r  «
The m i x t u r e  was c o o le d  i n  an  i c e  b a t h , p o u re d  i n t o  
500 C C S *  o f  i c e  w a t e r ,  t r a n s f e r r e d  to  a s e p a r a t i n g  f u n n e l  
and sh a k e n  w e l l . •./hen t h e  s e p a r a t i o n  o f  the  b enzene  la'V;:' 
was co m p le ted  th e  a q u e o u s  l a y e r  was w i th d ra w n  and warmed 
on th e  w a te r  b a t h  t o  a b o u t  60°C « A f t e r  s e v e r a l  m i n u t e r  
p a l e  c o l o u r e d  c r y s t a l s  o f  2 : 5 - d i p h e n y l c y c l o p e n t a d i e n e  
a p p e a r e d , and when t h e s e  c e a s e d  t o  s e p a r a t e  t h e y  were
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f i l t e r e d  o f f  and washed w e l l  w i t h  w a te r*  A f t e r  one 
r e o r y s t a l l i s a t l o n  f rom  a l c o h o l  the  y i e l d  was 1«5 g .
(1 2 ,8 % ) ;  m .p .  1 5 7 ° -1 6 0 °C .
P r e p a r a t i o n  o f ] .  -d  i b  e nz o y l n r  o p an p .
( a )  E t h y l  benzqr/ lacotate.<* .( 77) o
6 0 G cosc o f  a b s o l u t e  a l c o h o l  were p l a c e d  i n  a two 
l i t r e  3 -n e c k e d  f l a s k  mounted on a w a te r  b a t h  and f i t t e d  
w i t h  a r e f l u x  c o n d e n s e r ,  a d r o p p i n g  f u n n e l  and a s e a l e d  
s t i r r e r  f. 4b gr ( 2 g# a tom s)  o f  c l e a n  sod ium  were c u t  
i n t o  s m a l l  p i e c e s  and added  g r a d u a l l y  down t h e  c o n d e n s e rn  
The sodium c t h o x i d o  s o l u t i o n  was s t i r r e d  and c o o le d  t o  
room tem por a t u r a #  26? go (260 c c s . 2 . 0 3  m o l e s &) o f  
'^ th j ' l  a c o t o a c e t a t o  were r u n  i n  s low ly#  The s t i r r e r  was 
r e p l a c e d  by an  a i r  b l e e d , g u a rd ed  by a d r y i n g  t u b e , 
t n e  c o n d e n s e r  by a s h o r t  s t i l l  h e a d . The a l c o h o l  was t h e n  
d i s t i l l e d  o f f  a t  a b o u t  room t e m p e r a t u r e  a t  t h e  w a t e r  pump - 
'^.f !ior abou t  h a l f  t h e  a l c o h o l  had b e e n  removed a cons ide rqb . ' le  
amount o f  t h e  sod ium  o n o k a to  had b e e n  p r e c i p i t a t e d #  The 
r e s i d u e  a p p e a re d  d ry  a f t e r  a b o u t  two h o u r s ,  and t h e  l e s t  
t r a c e r  o f  a l c o h o l  were removed a t  2 mm# p r e s s u r e  on a 
b o i l i n g  w a t e r  b a th #
The f l a s k  was a l l o w e d  t o  c o o l  u n d e r  r ed u ce d  p r e s s u r e ,  
and 600  g# ( 3 7 0  c c s#  4 m o l e s o ) of  e t h y l  b e n z o a t e  added t o  
th e  r e s i d u e , th e  vacuum h a v i n g  b e e n  r e l e a s e d # The f  lasPc 
was th e n  h e a t e d  i n  an  o i l  b a t h  a t  140°-130°G  f o r  s i x  hours , ,  
Over a b o u t  one h o u r  t h e  t e m p e r a t u r e  o f  th e  b a t h  was r a i s e d
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t o  180°G, d u r i n g  w hich  t ime an  e t h y l  a c e t a t e  a l c o h o l  
m i x t u r e  beg an  t o  d i s t i l #  E v e n t u a l l y  a b o u t  200 c c s # o f  
d i s t i l l a t e  ( m a in ly  e t h y l  a c e t a t e )  was c o l l e c t e d  a t  t h i s  
t e m p e r a t u r e  #
The r e a c t i o n  m i x t u r e  was c o o l e d ,  250 c c s .  o f  w a te r  
wore added and t h e  s o l u t i o n  made a c i d  t o  l i t m u s  by a d d i t i o n  
o f  a c o o le d  s o l u t i o n  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d , and 
200 CCS0 o f  w a te r#  Ghippcd i c e  was added t o  keep  t h e  
m i x t u r e  cool#
The u p p e r  e s t e r  l a y e r  was s e p a r a t e d ,  and t h e  aqueous  
l a y e r  e x t r a c t e d  w i th  200 c c s # o f  e t h e r *  The e t h e r  and 
e s t e r  l a y e r s  were sh ak en  w i t h  350 c c s . o f  s a t u r a t e d  
sodium b i c a r b o n a t e  s o l u t i o n ,  u n t i l  th e  e v o l u t i o n  o f  c a rb o n  
d i o x i d e  c e a s e d .  The o r g a n i c  l a y e r  was washed w i th  200 c c s .  
o f  w a t e r ,  and th e n  th e  combined w a t e r  and b i c a r b o n a t e  l a y e r s  
were e x t r a c t e d  w i th  400 c c s .  o f  e t h e r #  The combined o t h e r  
and e s t e r  l a y e r s  were d r i e d  o v e r  an h y d ro u s  sod ium  s u l p h a t e  
and th e  e t h e r  removed f r o m . t h e  w a t e r  ba th#
The e x c e s s  e t h y l  b e n z o a t e  and e t h y l  a c e t o - a c e t a t o  v/ere 
d i s t i l l e d  o f f  u n d e r  r e d u c e d  p r e s s u r e ,  350 -400  c c s . o f  
d i s t i l l a t e  b e i n g  c o l l e c t e d  a t  a b o u t  8 0 ^ -9 0 ^ 0 /1 2  mm,;, a 
15 cm, f r a c t i o n a t i n g  column was u s e d # The e t h y l  b e n z o y l  
a c e t a t e  was d i s t i l l e d  t h r o u g h  a s h o r t  G l a i s e n  head  from 
t h e  o i l  b a t h .  Y i e l d  206 g ,  (53%),  b . p ,  1 2 0 ° - 1 2 4 ° C / l , 5 - 2  mm.
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(b )  E t h y l  d i b e n z o y l f f l u t a r a t e o
l.app and Michie^ s method ( 6 3 ) was n s o d ,  w i th  th e  
m o d i f i c a t i o n  t h a t  i n  a l l  b u t  t h e  f i r s t  r u n  a l c o h o l  was 
added a t  th e  s t a r t  t o  g iv e  a more homogeneous r e a c t i o n  
m i x t u r e  »
( 1 ) 10 g .  o f  e t h y l  b e n z o y l a c e t a t e  and 2 co s .  o f  l\.Ofc
r . ' leous  fo rm a ld eh y d e  s o l u t i o n  were mixed and 1^5 ces* o f  
p i p e r i d i n e  added g r a d u a l l y  w i t h  c o o l i n g  and shak ing*  On 
t h i c k e n i n g  a l i t t l e  a l c o h o l  was ad d e d ,  A t h i c k  cake was 
o b t a i n e d  5, and t h e  m a t e r i a l  was r e  c r y s t a l l i s e d  once from 
a l c o h o l *  Y i e l d  7 o l  g ,  (6 9 /0 ?  m . p 0 87^*~88^0 ( Ja p p  and 
ï ü c h i e  g iv e  th e  mcP* as  92*3*^0),
( 2 ) Same q u a n t i t i e s  a s  ( l ) ,  15 ces* o f  a l c o h o l  were added 
a t  t h e  b e g i n n i n g  and th e  m i x t u r e  was s t i r r e d  i n  a s m a l l  
b e a k e r  c o o le d  i n  an  i c e  b a th *  Y ie l d  8*85 g» (8 5 # 5 h ) p
m,po 81^0 .
( 3 ) As ( 2 ) u s i n g  50  CCS* a l c o h o l .  Y i e l d  8 .5 5  g .  (8 3 ^ )«
The p r o d u c t  was w h i t e r , and m o l t e d  a t  89^0 w i t h o u t
r e c r y s t a l l i s a t i o n *
( 4 ) 154  go o f  e t h y l  b e n z o y l a c e t a t e  5 3 1  c e s .  o f  40jt* 
fo rm a ld eh y d e  s o l u t i o n ,  4 2 0  c c s ,  o f  a l c o h o l  and 23 cos * o f  
p i p e r i d i n e  were u se d  * The m ix tu r e  was s t i r r e d  f o r  h a l f
an h o u r .  Y i e l d  l60*2  g .  (99? ')?  m . p , 88^-89^0#  The p r o d u c t
was a good w h i t e  c o l o u r .
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( G ) 1: 3-D ribenzoylpronane, ( 63 ) •
7 g? o f  d i b e n z o y l  g l u t a r i c  e s t e r  were b o i l e d ^  u n d e r  
r e f l u x ,  w i t h  35 c e s .  o f  a  m i x t u r e  o f  e q u a l  p a r t s  o f  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  and w a t e r , D u r in g  th e  
r e f l u x  some o r a n g e , r e s i n i f i e d  m a t e r i a l  a p p e a r e d  on t h e  
s u r f a c e  o f  t h e  l iq u id ®  At t h e  end o f  the  h e a t i n g  t h e  
f l a s k  was c o o le d  u n d e r  t h e  t a p  w i th  v i g o r o u s  s h a k i n g  and 
t h e  p r o d u c t  p r e c i p i t a t e d  i n  c o a r s e  g r a n u l a r  form * At 
t h e  sane t im e  the  s o l u t i o n  assumed a g r e e n - b l u e  f l u o r e s c e n c e , 
which  p e r s i s t e d  f o r  s e v e r a l  d a y s .  The p r e c i p i t a t e  was 
c o l l e c t e d  on a s i n t e r e d  g l a s s  f u n n e l  and t a k e n  up i n  warm 
o t h e r *  The e t h e r e a l  s o l u t i o n  was sh a k e n  w i t h  sodium 
c a r b o n a t e  s o l u t i o n ^  d r i e d  over  a n h y d ro u s  c a l c i u m  c h l o r i d e  
and t h e  o t h e r  r e m o v e d . The d i b e n z o y l  p ro p a n e  a p p e a r e d  as  
y e l l o w  p l a t e s .  Crude y i e l d  3 #7 g«
One r e  c r y s t a l l i s a t i o n  from e t h a n o l  gave 2 .6 5  gc o f  
an  a l m o s t  w h i t e  p r o d u c t  ( 6 0 ^ ) ,  m.p* 65° -67°0*
Dur"':h e r  r u n s  were c a r r i e d  o u t  u s i n g  t h e  same m e t h o d : -
( 2 } 7.3 ^4 gn o f  d i b e n z o y l  g l u t a r i c  e s t e r p 77 c e s .  o f
t h e  a c i d  m ix tu re *  An o i l y  s e m i - s o l i d  p r o d u c t  was o b t a i n e d p 
which p ro v ed  t o  be th e  s t a r t i n g  m a t e r i a l  (m.po 8 6 ^ - 8 7 ^ 0 ) .
5*55 g- ^n ly  of  t h e  e s t e r  were r e c o v e r e d  *
( 3 ) 5 v55 g A o f  e s t e r p  27  c e s .  o f  t h e  a c id  m i x t u r e .
Crude y i e l d  3*5 g. (9 9 A ) .
(4 )  50  g ,  o f  e s t e r  p 250 ccs* o f  t h e  a c i d  m i x t u r e , Crude 
y i e l d  30 g .
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(5 )  75 g# e s t e r , 3 9 0  c e s .  o f  th e  a c i d  m ix t u r e #  Crude
y i e l d  40 g .  Y i e l d  f o r  ( 4 )  and ( 5 ) 88/1 #
The p r o d u c t s  from ( 3 ) 9  ( 4 )  and ( 5 ) were r e c r y s t a l l i s e d  
t o g e t h e r p  from a l c o h o l .  The l i q u o r s  were e v a p o r a t e d  down 
and r e c r y s t a l l i s e d  from p e t r o l e u m  o t h e r .
The m e l t i n g  p o i n t  o f  th e  y e l lo w y  wl-i te  p r o d u c t  was 
65°-67°C .
A tte m p te d  r inp: c l o s u r e  o f  1 : ^ - D ih o n z o y ln ro p a n o  •
J a p p  and M ich ie  ( 6 3 ) p r e p a r e d  1 : 2 - d i p h e n y l c y c l o p e n t a n e -  
1 : 2 - d i o l  by r e d u c t i o n  o f  d i b e n z o y l p r o p a n e  w i th  a lum in ium  
amalgam i n  w et  a l c o h o l .  T h i s  methodp which  t a k e s  a b o u t  
t h r e e  w e e k s , was t r i e d  w i t h o u t  s u c c e s s .  V a r i o u s  o t h e r  
p in a c o n o  r e d u c t i o n  r e a c t i o n s  were  t r i e d  w i t h o u t  s u c c e s s , 
d i b e n z o y l  p r o p a n e  b e i n g  r e c o v e r e d  i n  each  c a s e .  P a r t i c u l a r  
a t t e n t i o n  was p a i d  to  t h e  r e d u c t i o n  u s i n g  z i n c  i n  b o i l i n g  
a c e t i c  a c i d , on a c c o u n t  o f  i t s  s i m p l i c i t y  and i t s  s u c c e s s f u l  
a p p l i e s t i o n  i n  r e l a t e d  c a s e s , namely r e d u c t i o n  o f  m e th y le n e  
b lsdoB O xybenzo in  t o  2 : 3 î 4 î 5 - t e t r a p h e n y l - 3 î U ~ d i o l  ( 5 4 )9  and 
i n  t h e  p r e p a r a t i o n  o f  1 : 2 : 4 - t r i p h e n y l c y c l o p e n t a d i e n e  ( 6 9 )#
( a )  R e d u c t i o n  w i th  a lum in ium  amalgam i n  wet a l c o h o l  ( 6 3 ) ,
1 ,5 5  g ,  o f  a lum in ium  were d e g re a s e d  by e x t r a c t i o n  w i th  
e t h e r  f o r  f o u r  h o u r s  i n  a S o x h l e t  e x t r a c t o r , and were t h e n  
shaken  f o r  a few s e c o n d s  w i t h  1 . 6  c c s .  o f  a s a t u r a t e d  
s o l u t i o n  o f  m e r c u r i c  c h l o r i d e  i n  e t h a n o l p  and 1 5 ,5  c c s .  o f  
e t h a n o l .  The amalgam was f i l t e r e d  o f f  a s  r a p i d l y  a s  
p o s s i b l e ,  washed w i t h  a l i t t l e  a l c o h o l  and added  t o
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1*55 g ,  o f  d i b e n z o y l p r o p a n e  i n  a m ix t u r e  o f  31 ccs*  o f  
e t h a n o l  and 1 5 ,5  ccs* o f  w a t e r ,  c o n t a i n e d  i n  a round 
bo t to m e d  f l a s k  to  w-.ich a c o n d e n s e r  was t h e n  a t t a c h e d *
The f l a s k  was h e a t e d  on a w a te r  b a t h  t h ro u g h  t h e  d a y ,  
and a l lo w e d  to  s t a n d  o v e r n i g h t *  T h i s  t r e a t m e n t  was 
c o n t i n u e d  f o r  t h r e e  o r  f o u r  w e e k s , a f u r t h e r  p o r t i o n  o f
1 ,5 5  g ,  o f  a lum in ium  p o w d e r ,  t r e a t e d  a s  b e f o r e ,  b e i n g  
added a f t e r  ab o u t  t e n  d a y s .
At th e  end o f  t h i s  p e r i o d  t h e  m ix t u r e  was f i l t e r e d ,  
and some o f  t h e  a l c o h o l  i n  t h e  f i l t r a t e  was d i s t i l l e d  o f f *  
The r e s i d u e  was c o o le d  o v e r n i g h t  i n  t h e  r e f r i g e r a t o r ,  when 
an  o i l y  p r e c i p i t a t e  was o b t a i n e d ,  some o f  which was r e t a i n e d  
on a f i l t e r  pap e r*  T h i s  p r o v e d  t o  be r e c o v e r e d  d i b e n z o y l ­
p r o p a n e ,  a s  a sample c r y s t a l l i s e d  from a l c o h o l  had m .p ,  60^0 
and mixed m e l t i n g  p o i n t .  5 8 ^ -6 2 ^ 0  v^ith d i b e n z o y l  p ro p a n e  
(iTj.p, 65^“ 67°C) i n d i c a t i n g  t h a t  t h e  r e a c t i o n  had b ee n  
u n s u c c e s s f u l *
(b )  R e d u c t i o n  w i th  Magnesium Amalgam,
Magnesium amalgam was p r e p a r e d  from 0 . 6  g ,  o f  
magnesium and a l i t t l e  m e rc u ry  by g r i n d i n g  them t o g e t h e r  
i n  a warm m o r t a r  * The amalgam was su sp en d ed  i n  d ry  
b e n z e n e ,  and a s o l u t i o n  o f  1 g* o f  d ib e n z o y l p r o p a n e  i n  
d ry  b en z en e  was added* No s i g n s  o f  a v i g o r o u s  r e a c t i o n  
were o b s e r v e d ,  and a f t e r  r e f l u x i n g  on th e  w a t e r  b a t h  f o r  
two h o u r s  t h e  m i x t u r e  was h y d r o l y s e d  by f u r t h e r  h e a t i n g  
w i t h  w a t e r .  The magnesium was f i l t e r e d  o f f  and th e
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bemzene l a y e r  i n  t h e  f i l t r a t e  s e p a r a t e d ,  d r i e d  o v e r  
a n h y d ro u s  sodium s u l p h a t e  and t h e  s o l v e n t  rem oved#
The r e s i d u e ,  a s t i c k y  y e l lo w  m a t e r i a l ,  was r e c r y s t a l l i s e d  
from e t h a n o l ,  m.p* 57°0* Mixed m*p, 58°-60°G  w i th  
d ib e n z o y lp r o p a n e c  T h i s  showed i t  t o  be u n r e a c t e d  
s t a r t i n g  m a t e r i a l *
( c ) Magnesium-M agneslum i o d i d e  r e d u c t i o n  (78) o
0 ,5  g ,  o f  magnesium was suspended  i n  a m i x t u r e  o f  d r y  
b enzene  and e t h e r , and 1 g , o f  i o d i n e  was added  th ro u g h  th e  
c o n d e n s e r  f i t t e d  t o  th e  c o n t a i n i n g  f l a s k .  The m i x t u r e  was 
warmed s l i g h t l y  to  s t a r t  t h e  r e a c t i o n ,  and t h e n  l e f t  f o r  
one h o u r  * A s o l u t i o n  o f  1 g* o f  d i b e n z o y lp r o p a n e  i n  
b en z en e  was a d d e d ,  and a y e l l o w i s h  w h i te  com plex  formed 
which  d id  n o t  d i s s o l v e  c o m p l e t e l y  on sh a k in g *
T h i s  s o l i d  was f i l t e r e d  o f f ,  and e x t r a c t e d  w i t h  
b enzene*  The f i l t r a t e  and benzene  e x t r a c t  were combined 
w i t h  w a te r*  No p r e c i p i t a t e  was o b t a i n e d ,  and t h e  o r g a n i c  
l a y e r  became m i lk y  * (A p i n k  c o l o r a t i o n  was d i s c h a r g e d  
w i t h  sodinm b i s u l p h i t e ) .  The m i l k i n e s s  was n o t  c l e a r e d  up 
by a d d i t i o n  o f  a l i t t l e  d i l u t e  h y d r o c h l o r i c  a c i d  s o l u t i o n .
The o r g a n i c  l a y e r  was s e p a r a t e d ,  d r i e d  o v e r  a n h y d ro u s  
sodium s u l p h a t e  and th e  c l e a r  y e l lo w  s o l u t i o n  was e v a p o r ­
a t e d .  A l i g h t  brown c r y s t a l l i n e  p r o d u c t  was o b t a i n e d ,  
m*p* 65°G. Mixed m .p .  w i t h  d ib e n z o y l p r o p a n e  60°-62°G*
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( d ) Re d u c t i o n  w i t h  z i n c  and g l a c i a l  a c e t i c  a c i d  *
(1 )  1 g* o f  d ib e n z o y l p r o p a n e  was d i s s o l v e d  i n  25 ccs@ o f  
b o i l i n g  a c e t i c  a c i d ,  and 5 go o f  z i n c  powder  were added 
p o r t i o n w i s o  to  th e  r o f l u x i n g  s o l u t i o n ,  o v e r  a p p r o x i m a t e l y  
two and a h a l f  hours® The m i x t u r e  was r e f l u x e d  f o r  a 
f u r t h e r  two h o u r s ,  and f i l t e r e d  h o t , t h e  f i l t r a t e  b e i n g  
ru n  i n t o  an  e x c e s s  o f  i c e  and w a t e r  * The r e s i d u a l  z i n c  
was e x t r a c t e d  w i t h  a few c c s . o f  b o i l i n g  a c e t i c  a c i d  and 
th e  e x t r a c t  added to  t h e  f i l t r a t e .  A f t e r  s t a n d i n g  o v e r ­
n i g h t  t h e  p r e c i p i t a t e  was f i l t e r e d  o f f ,  and a sam ple  rubbed  
on a p o r o u s  p l a t e ,  m*p, 58^-6o'^G, Mixed m e l t i n g  p o i n t  v / i th  
d i b e n z o y lp r o p a n e  showed no d ep ro ss io n ®
The r e a c t i o n  was r e p e a t e d  w i th  the recovered m a t e r i a l ,  
t h i s  t im e  using z i n c  d u s t  i n  p l a c e  o f  z i n c  p ow der .  The 
p r o d u c t  was v e r y  s t i c k y ,  b u t  was proved  t o  b e  u n r e a c t e d  
s t a r t i n g  m a t e r i a l  by m e l t i n g  p o i n t  and mixed m e l t i n g  p o i n t  
d e t e r m i n a t i o n .
B e fo re  f u r t h e r  a t t e m p t s  were  made t h e  g l a c i a l  a c e t i c  
a c i d  to  be u se d  was p u r i f i e d  by d i s t i l l i n g  i t  f rom  
p o t a s s i u m  p e rm a n g a n a te  and t h e n  r e d i s t i l l i n g  i t  from 
a c e t i c  a n h y d r i d e  through an  eight inch column,
(2 )  E x p e r im e n t  ( l )  was r e p e a t e d  using e x a c t l y  t h e  same 
q u a n t i t i e s ,  both zinc d u s t  and t h e n  z i n c  powder  ( 20-50 mesh) 
b e i n g  em ployed .  I n  each  c a s e  a r e a s o n a b l y  g r a n u l a r  p r o d u c t  
was o b t a i n e d ,  w h ich  p ro v ed  t o  be d i b e n z o y l p r o p a n e •
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( 3 ) As e x p e r i m e n t  ( 2 ) ,  b u t  u s i n g  z i n c  d u s t  from a 
d i f f e r e n t  so u rce*  A l th o u g h  t h e  r e f l u x i n g  was c o n t in u e d  
f o r  e i g h t  h o u r s  i n  a l l ,  o n l y  s t a r t i n g  m a t e r i a l  was 
r e c o v e r e d .
( 4 ) As e x p e r i m e n t  (2 )  u s i n g  50  ccs* o f  g l a c i a l  a c e t i c  
a c i d  and z i n c  pow der .  One c r y s t a l  o f  c o p p e r  s u l p h a t e  
was added t o  t h e  r e a c t a n t s *  The p r o d u c t  was v e r y  
s t i c k y  and a s o l u t i o n  i n  a c e t o n e  was ch ro m a to g ra p h ed  
on a s h o r t  a lu m in a  co lum n, e l u t i n g  w i th  e t h e r *  Only 
s t a r t i n g  m a t e r i a l  was i d e n t i f i e d  i n  the  e l u a t e s *
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P ro p a ix a t io n  o f  l - b ro m o -2 :  3 :4 :  5 - t o t r a u h e n y l cy d o  p e n t a d  i e  ne (59 ) * 
( ^ ) Us in/? N -b ro m o su c c in im id e  on t e  t r a p h e n y l cy c 1 op e n t a d i e n e .
A t r i a l  r u n  was c a r r i e d  o u t  on a s m a l l  s c a l e  * 0*86 g .
o f  t o t r a p h o n y l c y c l o p e n t a d l o n e , 0*49 g* o f  N -b rom osucc in i rn ide  
and 30 c c s ,  o f  c a r b o n  t e t r a c h l o r i d e  were r e f l u x e d  t o g e t h e r  
f o r  one and a h a l f  hours® The s u c c i n i m i d e  was f i l t e r e d  
o f f  a t  th e  pump and washed w i t h  a f u r t h e r  q u a n t i t y  o f  
c a r b o n  t e t r a c h l o r i d e  * The f i l t r a t e  and w a sh in g s  were 
c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e , and th e  y e l l o w  brom o-  
p r o d u c t  which p r e c i p i t a t e d  was f i l t e r e d  o f f*  Y i e l d  0*89 g ,  
( 8 5 . 7 / ) ,  m .p .  1 8 5 ° “ 190°G.
The m a t e r i a l  was n o r m a l l y  u sed  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n ,  b u t  c o u ld  be r e c r y s t a l l i s e d  from a c h lo r o fo r m -  
m e th a n o l  m i x t u r e  *
S u b s e q u e n t l y  th e  p r e p a r a t i o n  was r e p e a t e d  u s in g  th e  
same p r o p o r t i o n s  o f  r e a c t a n t s *
(1 )  U s in g  10 g .  o f  h y d r o c a r b o n .  Y ie l d  6 g ,  ( 5 0 7 ) .
(2 )  U s in g  10 go o f  h ydrocarbon .  F i r s t  c ro p  6 g* Second
c ro p  ( o n  f u r th e r  c o n c e n t r a t i o n  o f  t h e  l i q u o r s )  2 , 4  g* 
O v e r a l l  p e r c e n t a g e  y i e l d  70/7*
(3 )  Tjsing 20 g .  o f  h y d r o c a r b o n .  Y ie l d  1 1 ,4  g* (47/0 •
Further  c o n c e n t r a t i o n  o f  th e  l i q u o r s  gave a gum which 
d id  n o t  c r y s t a l l i s e o
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(b )  A t te m p te d  p r e p a r a t i o n  f rom  t o t r a p h e n y l c y c l o p e n t a d i e n o n o  
P r e p a r a t i o n  o f  t e  t r a p h e n ? / !  eye lo p e  n t a  d ie  none , ( 6o) *
20 g ,  o f  b o n z i l  and 20 g ,  o f  d i b e n z y l  k e t o n e  were 
d i s s o l v e d  i n  400 c c s .  o f  b o i l i n g  e t h a n o l .  A s o l u t i o n  o f  
1 g ,  o f  p o t a s s i u m  h y d r o x i d e  i n  5 c c s .  o f  e t h a n o l  was r u n  
i n t o  t h e  b o i l i n g  s o l u t i o n ,  and a f t e r  a few m i n u t e s  b o i l i n g ,  
v e r y  d a r k  r e d ,  a l m o s t  b l a c k ,  l u s t r o u s  c r y s t a l s  s e p a r a t e d  
from a deep red  s o l u t i o n .  The p r o d u c t  was c o l l e c t e d  and 
washed wi th  e t h a n o l  * Y i e l d  31 g,  (85/0.9 m.p* 2 l 6 ° - 2 l 8 ° C  * 
The p r o d u c t  r e q u i r e d  no f u r t h e r  p u r i f i c a t i o n *
Redu c t i o n  o f  t o t r a p h c n y I c y c l o p e n t a d i e n o n e  w i th  l i t h i u m  
a luminium h y d r i d e  * ( 6 l ) .
1 g .  o f  t o t r a p h e n y l c y c l o p e n t a d i e n o n e  and 50 c c s .  o f  
sodium d r i e d  n - b u t y l  e t h e r  were p l a c e d  i n  a f l a s k  f i t t e d  
w i th  a s t i r r e r ,  a d r o p p in g  f u n n e l  and a w a t e r  c o n d e n s e r  
g u a rd ed  by a c a l c iu m  c h l o r i d e  tube*  The f l a s k  was c o o le d  
i n  an  i c e  b a th *  1 g* o f  l i t h i u m  a lum in ium  h y d r i d e  i n  
50 CCS. o f  d ry  e t h e r  was added f a i r l y  r a p i d l y  and th e  
m i x t u r e  s t i r r e d  f o r  two to  t h r e e  h o u r s .  The p u r p l e  
c o l o u r  was d i s c h a r g e d  and t h e  s o l u t i o n  assumed a y e l l o w  
c o lo u r*  At t h e  end o f  th e  s t i r r i n g ,  h y d r o l y s i s  was 
e f f e c t e d  by a d d i t i o n  o f  d i l u t e  h y d r o c h l o r i c  a c i d  * The 
e t h e r  l a y e r  was s e p a r a t e d  and d r i e d  over  magnesium 
s u l p h a t e *
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A c t i o n  o f  p h o s p h o ru s  t r i b r o m i d e  on R e d u c t i o n  P r o d u c t  *
uTho o t h o r o a l  s o l u t i o n  was t r e a t e d  w i t h  p h o s p h o ru s  
t r i b r o m i d e *  The r e s u l t a n t  m i x t u r e  was washed w i t h  
w a te r  and e x t r a c t e d  w i t h  benzene® E v a p o r a t i o n  o f  t h e  
s o l v e n t s  l e f t  an i n t r a c t a b l e  gum®
P r e p a r a t i o n  o f  p v r i d i n l u m  2 : 3 : 4 : 5 -  
t e t r a p h e n v l c v c l o p e n t a d i e n v l i d e .
1 ge o f  bromot e t r a p h e n y l c y c l o p e n t a d i o n e  was a l lo w ed  
to  s t a n d  o v e r n i g h t  w i t h  12 ccso  o f  p y r id in e ®  The s o l u t i o n  
soon became deep  re d  i n  c o l o u r  and a y e l lo w  p r e c i p i t a t e  o f  
N- ( 2 : 3 : 4 : 3 - t e t r a p h e n y l c y c l o p e n t a d i e n y l ) - p y r i d i n i u r a  bromide 
was d e p o s i t e d ,  which  was washed w i t h  p e t r o l e u m  e t h e r  t o  
remove an y  e x c e s s  p y r i d i n e *  Y i e l d  1*09 g# (93 a )« A f t e r  
one r e c r y s t a l l i s a t i o n  from a l c o h o l ,  m .p .  213®5^-213 
(A n a ly s e s  -  1 1 ,  12 ,  1 8 . )
T re a tm e n t  o f  t h e  c h l o r o f o r m  s u s p e n s i o n  o f  t h i s  s a l t  w i th  
w a te r  gave a b l u e  c o l o r a t i o n  i n  t h e  o r g a n i c  l a y e r *  T h is  
e f f e c t  was a c c e l e r a t e d  by a d d i t i o n  o f  a l i t t l e  sodium 
h y d r o x i d e .  The b lu e  c o l o u r e d  m a t e r i a l  was o b t a i n e d  s o l i d  
by a l k a l i n e  t r e a t m e n t  o f  an  ague o u s -a  ce t o n e  s u s p e n s i o n  o f  
t h e  s a l t  ®
0*4 go o f  N - ( 2 : 3 : 4 : 5 - t e t r a p h e n y l c y c lo p e n t a d i e n y l ) -  
p y r i d i n i u m  b rom ide  was su sp e n d ed  i n  w a t e r  v / i th  a l i t t l e  
a l c o h o l  added® A few d ro p s  o f  d i l u t e  sodium h y d r o x i d e  
s o l u t i o n  were added  and t h e  m i x t u r e  a l lo w ed  t o  s t a n d  f o r  
s e v e r a l  h o u r s  a t  room te m p e ra tu re ®  A Vv^ry d a r k  b lu e
- 1 3 8 -
c r y s t a l l i n e  m a t e r i a l  was d e p o s i t e d .  Y i e l d  0 ,2 8  g ,
( 8 2 . 5 7 ) ,  m .p .  208 ° -2 1 0 °C .
The y l i d e  c o u ld  n o t  be re  c r y s t a l l i s e d  from any  o f  th e  
u s u a l  s o l v e n t s  b u t  a n a l y s i s  s a m p les  were  p r e p a r e d  from 
r e  c r y s t a l l i s e d  s a m p le s  o f  t h e  i n t e r m e d i a t e  b rom ide  and 
washed t h o r o u g h l y  w i t h  sodium h y d r o x id e  s o l u t i o n ,  and 
t h e n  w a t e r ,  ea c h  c o n t a i n i n g  a l i t t l e  a l c o h o l .
( A n a l y s e s : -  15* 1 9 . )
The p r e p a r a t i o n  o f  p y r i d i n i u m  t e t r a p h e n y l c y c l o p e n t a d i e n -  
y l i d e  was r e p e a t e d  t o  p r o v i d e  m a t e r i a l  f o r  o t h e r  
e x p e r i m e n t s .  The y i e l d s  o f  i n t e r m e d i a t e  b rom ide  were 
87/^, 95/ P 9 4 .5 / ' ,  and of  t h e  y l i d o  8 2 .5 7 ,  957 and 887 .
Both th e  b rom ide  and t h e  y l i d o  were c o m p l e t e l y  
i n s o l u b l e  i n  w a t e r ,  and t h e  fo rm e r  d id  n o t  r e a c t  e x c e p t  
i n  t h e  p r e s e n c e  o f  an o r g a n i c  s o l v e n t .
Re a c t i o n  o f  o t h e r  o r g a n i c  b a s e s  w i th  1 - b ro m o - 2 : 3 : 4 : 5  
t o t r a p h o n y l c y c 1op e n t a d i e n e . 
c Z -P ico l in e  ,
0 .5  g . o f  t h e  bromo compound was a l lo w ed  t o  s t a n d  w i th  
a p p r o x i m a t e l y  6 c c s ,  o f  r Y - p i c o l i n e  a t  room t e m p e r a t u r e ,
The c o l o u r  o f  th e  s o l u t i o n  deepened  g r a d u a l l y ,  and a f t e r  
s t a n d i n g  o v e r n i g h t  had assumed a r e d d i s h  t i n t .  A f t e r  two 
o r  t h r e e  days  a l i g h t  brown c r y s t a l l i n e  d e p o s i t  was 
f i l t e r e d  o f f  and washed w i th  p e t r o l e u m  o t h e r .
Y i e l d  o f  N-( 2: 3 : 4 :  5 - t e t r a p h e n y l c y c l o p e n t a d i e n y l ) - M . . -  
p i c o l i n i u m  brom ide 0*036 g ,  (67 )  m .p .  1 9 2 ^ - 1 9 4 ^0 ,
“139“
A second  p r e p a r a t i o n  u s i n g  0*4 g* o f  th e  bromo compound 
and 2 c c s  * o f  - p i c o l i n e  gave  0*056 g® o f  p r o d u c t  ( 11 *97 ) o 
T re a tm e n t  of  an  aqueous  a l c o h o l i c  s u s p e n s i o n  o f  t h e  
b rom ide  w i th  sodium h y d r o x id e  s o l u t i o n  gave a p r e c i p i t a t e  
o f  r e d d i s h  p u r p l e  m a t e r i a l ,  which d i s s o l v e d  i n  b e n z e n e  t o  
g i v e  a b l u e  s o l u t i o n ,  i n  a m anner  e x a c t l y  co m p a rab le  w i t h  
t h e  u n s u b s t i t u t e d  y l id e®
/v - P i c o l i n e  ®
Oo5 go o f  th e  bromo compound was a l lo w e d  to  s t a n d  w i t h  
a p p r o x i m a t e l y  6 ccs* o f  ^ - p i c o l i n e . The s o l u t i o n  r a p i d l y  
became a deep r e d - p u r p l e  colour® A f t e r  two to  t h r e e  d a y s  
a b u f f  c o l o u r e d  s o l i d  was f i l t e r e d  o f f ,  and washed w i t h  
p e t r o l e u m  ether®
Y i e l d  o f  N-( 2: 3 : 4î 5“ t e t r a p h e n y l c y c l o p e n t a d i e n y l ) “7^- 
p i c o l i n i u m  b ro m id e  0*46 g® ( 7 6 . 1 7 ) ,  m®p, ( a f t e r  two 
r e  c r y s t a l l i s a t i o n s  from e t h a n o l )  206^-208*^0* The y i e l d  
from an e x p e r i m e n t  u s i n g  0*4 go o f  bromo compound and 
2 CCS. o f / 3 “p i c o l i n e  was 0*27 go ( 5 6 * 2 7 ) .  ( A n a l y s i s ,  31o)
A r o d - p u r p l e  y l i d e ,  c o l o u r i n g  a b en z en e  s o l u t i o n  deep 
b l u e ,  was formed i n  e x a c t l y  t h e  same way as  b e f o r e . 
y - P ic o l in e ®
Oo5 go o f  th e  bromo compound was a l lo w e d  t o  s t a n d  f o r  
s e v e r a l  d a y s ,  a t  room t e m p e r a t u r e ,  w i t h  a p p r o x i m a t e l y  12 c c s  
o f  ; / - p i c o l i n e * A f t e r  a few m in u t e s  th e  l i q u o r s  were 
c o l o u r e d  a deep r e d d i s h  p u r p l e  » The N - ( 2 : 3 : 4 : 5 - "  
t e t r a p h e n y l c y c l o p e n t a d i e n y l ) - > f —p i c o l i n l u m  bromide was
- 1 4 0 -
f i l t e r e d  o f f  and washed w i t h  p e t r o l e u m  o t h e r  $ Y i e l d  
0* 405  g* ( 6 7 7 )9  m .p .  ( a f t e r  two r o c r y s t a l l i s a t i o n s  from 
e t h a n o l )  218*^-220*^0® ( ^ a i a l y s i s  16,  2 0 . )
R e p ea t  e x p e r i m e n t s  u s i n g  l e s s  y - p i c o l i n o  i n  p r o p o r t i o n  t o  
th e  amount o f  bromo compound gave y i e l d s  o f  69/ and 937 .
0 .1 0 5  g* o f  t h e  b rom ide  was c o n v e r t e d  i n t o  th e  c o r r e s ­
p o n d in g  y l i d e  by s u s p e n d i n g  i n  an  aq u e o u s  a l c o h o l i c  
m i x t u r e  and t r e a t i n g  w i t h  sodium h y d r o x i d e  s o l u t i o n .
A f t e r  s t a n d i n g  o v e r n i g h t  th e  b l u e - p u r p l e  c r y s t a l l i n e  
p r o d u c t  w h ich ,  im p a r t e d  a deep  b lu e  c o l o r a t i o n  t o  i t s  
b e n z e n e  s o l u t i o n ,  was f i l t e r e d  o f f  and washed w e l l  w i t h  
sodium h y d r o x id e  s o l u t i o n  c o n t a i n i n g  a l i t t l e  a l c o h o l .  
Y i e l d  0 . 0 7 4  g .  ( 8 9 . 3 7 ) ,  m .p .  2 0 8 ° - 2 1 0 ° 0 .  ( A n a ly s e s  1 7 ,  
(sample p r e p a r e d  by r e p r e c i p i t a t i o n  w i t h  sodium h y d r o x id e  
s o l u t i o n  o f  a s o l u t i o n  i n  g l a c i a l  a c e t i c  a c i d ) ,
21 ,  ( sam p le  p r e p a r e d  from r e c r y s t a l l i s e d  . h y d r o b r o m i d e ) . )
2 : 6 - L u t i d i n e .
0 . 5  g .  o f  t h e  bromo compound was a l lo w e d  t o  s t a n d  
w i t h  a p p r o x i m a t e l y  6 c c s .  o f  2 : 6 - l u t i d i n e  f o r  two to  
t h r e e  d a y s . The c o l o u r  o f  the  l i q u o r s  s lo w ly  became 
r e d . A g r o y - g r c e n  powder was f i l t e r e d  o f f  and washed 
w i th  p e t r o l e u m  e t h e r .  Y i e l d  0 .1 7  g .
T h i s  p r o d u c t  was much more s o l u b l e  i n  a l c o h o l  t h a n  th e  
p r e v i o u s  o n e s ,  and was r e c r y s t a l l i s e d  by p r e c i p i t a t i o n  
from a l c o h o l i c  s o l u t i o n  w i th  e t h e r ,  m .p .  208°-210*^C#
The p r o d u c t  b e f o r e  c r y s t a l l i s a t i o n  gave t h e  f a m i l i a r
-1 4 1 “
r e d - b lu G  c o l o u r  on t r e a t m e n t  w i th  a l k a l i . However ,  a f t e r  
r e c r y s t a l l i s a t i o n  i t  gave  no such r e a c t i o n .
A n a ly s e s  ( 4 0 ,  44)  have  a much b e t t e r  a g r e e m e n t  w i th  a 
fo rm u la  r e p r e s e n t i n g  th e  h y d ro b ro m id e  o f  th e  b a s e ,  t h a n  
w i th  one f o r  the  h y d ro b ro m id e  o f  th e  y l i d e .  Thus the  
p r o d u c t  was i n  a l l  p r o b a b i l i t y  2 ; 6 - l u t i d i n e  h y d ro b ro m id e ,  
c o n ta m in a te d  v/ith a l i t t l e  o f  th e  r e q u i r e d  p r o d u c t  which 
was removed by r e c r y s t a l l i s a t i o n .  ' The y i e l d  r e c o r d e d  
r e p r e s e n t s  a b o u t  80} r e c o v e r y  o f  b ro m in e ,  a s  l u t i d i n e  
h y d r o b r o m i d e .
T h i s  c o n c l u s i o n  was c o n f i rm e d  by p r e p a r a t i o n  o f  a 
p i c r a t e  from t h e  s a l t .  A f t e r  r e c r y s t a l l i s a t i o n  from 
e t h a n o l  t h i s  m o l t e d  a t  158*^-160*^0, A n a l y s i s  ( 4 l ) ?  a g re e d  
r e a s o n a b l y  w i th  t h a t  r e q u i r e d  f o r  l u t i d i n e  p i c r a t e ,  
i 8oQ u i n c l i n e  «
0 , 5  g* o f  t h e  bromo compound was a l lo w ed  to  s ta n d  f o r  
a b o u t  t e n  d ays  w i t h  a p p r o x i m a t e l y  0 ,3  g , o f  i s o q u i n o l i n e  
i n  a few c c s .  o f  b e n z e n e .  The l i q u o r s  v e ry  s l o w l y  t u r n e d  
r e d ,  A brown s o l i d  p r o d u c t  was f i l t e r e d  o f f  and washed 
v /i th  p e t r o l e u m  e the r®  Y i e l d  0 . 0 9  g ®, m .p ,  2 0 5 ° “ 211*^G.
As w i t h  th e  p r o d u c t  from 2 : 6 - l u t i d i n e , t h i s  was 
p r o b a b l y  m a i n l y  t h e  h y d ro b ro m id e  from I s o q u i n o l i n e .  A 
p i c r a t e  was p r e p a r e d  f rom  i t  whose a n a l y s i s  f i g u r e s ,  (47 )  
f i t t e d  r e a s o n a b l y  f o r  i s o q u i n o l i n e  p i c r a t e ®  The sample  
was re  c r y s t a l l i s e d  f rom b o i l i n g  w a te r  and had m . p , 220.5*^-' 
223 .5*^00 Mixed m .p .  w i t h  i s o q u i n o l i n e  p i c r a t e
- 142 -
(rn<,p„ 226°-228°C )  was 218°-220°C„
I M e v e r th o le s s , a l k a l i n e  t r e a t m e n t  o f  th e  b rown s a l t  gave 
a b l u e  p r e c i p i t a t e ,  w h ich  f a d e d  t o  g re y  a f t e r  s t a n d i n g  
o v e r  t h e  weekend® An a n a l y s i s  sample  was p r e p a r e d  by 
d i l u t i o n  o f  a h o t  a l c o h o l i c  s o l u t i o n  w i th  water® The 
a n a l y s i s , ( 4 8 ) .  had a n i t r o g e n  v a l u e  o n ly  h a l f  t h a t  
e x p e c t e d  f o r  t h e  y l i d e ,
Q u i n o l i n e®
Oc5 go o f  th e  bromo compound was a l lo w e d  to  s t a n d
w i t h  4 C C S c o f  q u in o l in e®  A f t e r  a few days  t h e  bromo
compound had d i s s o l v e d ,  b u t  no s a l t  was p r e c i p i t a t e d  even  
a f t e r  a l l o w i n g  to  s t a n d  f o r  t h r e e  m o n th s ,  and d i l u t i n g  w i th  
p e t r o l e u m  0 t h e r 0 However ,  on a d d i t i o n  o f  sodium h y d r o x id e  
s o l u t i o n ,  a b l u e  p r e c i p i t a t e  was fo rm e d # No f u r t h e r  work 
was done on t h i s  a s  t h e  p r e s e n c e  o f  th e  q u i n o l i n e  p r e v e n t e d  
t h e  p r o p e r  c o l l e c t i o n  of  t h i s  p r e c i p i t a t e ®
- Î 7 - d im e th y 1 - 2 ; 3 - b e n z o - l : 4 - d i a z e p i n e «
Of5 gr of  t h e  bromo -compound and 0 ,2  g ,  o f  t h e  
d i a z e p l n e  were a l lo w e d  t o  s t a n d  w i th  a few c c s  * o f  b en z en e  
f o r  s e v e r a l  days® ï o r e a c t i o n  was o b s e r v e d ,  and no m a t e r i a l
g i v i n g  r i s e  to  c o l o u r e d  p r o d u c t s  on a l k a l i n e  t r e a t m e n t  were
r b t a i n e d , e v e n  cn r o f l u x i n g  th e  r e a c t a n t s  w i t h  n i t r o m e th a n e  *
 ^ : h.yU ip J ieny l  g ly o x a  11 no @
0*5 gc o f  th e  bromo compound and 0 ,2 5  go o f  d i p h e n y l  
g l y o x a l i n e  were a l lo w e d  to  s t a n d  w i th  a few c c s , o f  a 
m i x t u r e  o f  benzene  and n i t r o m e t h a n e . The m i x t u r e  was
-1 4 3 “
t r e a t e d  a s  i n  t h e  p r e v i o u s  e x p e r i m e n t  b u t  w i th  a s i m i l a r  
l a c k  o f  s u c c e s s .
P r o d u c t s  from th e  m o t h e r - l i q u o r s  i n  r e a c t i o n s  o f  
b r o m o t e t r a p h e n y l cy c 1 op e n t a d i e n e  w i t h  p y r i d i n e s .
The f i l t r a t e s  o b t a i n e d  on c o l l e c t i o n  o f  t h e  h y d r o ­
b ro m id e s  from th e  r e a c t i o n  o f  b r o m o t o t r a p h e n y l c y c l o p e n t a d i e n e  
w i t h  p y r i d i n e  a n d , j f " - p i c o l i n e s  wore s e t  a s i d e .  On 
p r o lo n g e d  s t a n d i n g ,  o r  on d i l u t i o n  w i th  w a t e r ,  a d a r k  
r e d d i s h  brown s o l i d  was d e p o s i t e d .  T h i s  s o l i d  i n  no c a s e  
gave a c o l o u r  r e a c t i o n  w i t h  sodium h y d r o x id e *
The p r o d u c t  i n  e a ch  c a s e  was shown to  be t h e  same, and 
to  be a lm o s t  e n t i r e l y  t o t r a p h e n y l c y c l o p e n t a d i e n o n e . T h i s  
was e s t a b l i s h e d  by m e l t i n g  p o i n t s  and mixed m e l t i n g  p o i n t s  
o f  th e  i n d i v i d u a l  p r o d u c t s ,  and o f  t h e i r  D i e l s  Wilder a d d u c t s  
w i t h  m a lo i c  a n h y d r id e  *
P r e p a r a t i o n  o f  D i e l s  A l d e r  a d d u c t s .
The r e a c t i o n  o f  t e t r a p h e n y l c y c l o p e n t a d i e n o n e  w i th  m a l e i c  
a n h y d r i d e  h a s  b e e n  d e s c r i b e d  by A l l e n  and S h e p s ,  {79)*
1 g .  o f  t o t r a p h e n y l c y c l o p e n t a d i e n o n e  and 1 g .  o f  m a l e i c  
a n h y d r i d e  wore h e a t e d  t o g e t h e r  c a u t i o u s l y  i n  a c o n i c a l  f l a s k ,  
u s i n g  an o i l  b a t h  a t  150*^-160*^0. The h e a t i n g  was c o n t i n u e d  
u n t i l  t h e  red  c o l o u r  o f  t h e  t e t r a p h e n y l c y c l o p e n t a d i e n o n e  had 
d i s a p p e a r e d .  The r e s i d u a l  l i g h t  brown s o l i d  was c r y s t a l l i s e d  
from b e n z e n e .  w h i t e  c r y s t a l l i n e  p r o d u c t  was o b t a i n e d  
f rom  p i n k  b enzene  l i q u o r s .  Y i e l d  0 . 6  g . , m .p ,  221*^0,
“ 144“
A s m a l l  q u a n t i t y  o f  t h e  s o l i d  m a t e r i a l  from th e  
p y r i d i n e  and c< -  a n d / ^ ; - p i o o l i n e  l i q u o r s  was t r e a t e d  w i t h  
an a p p r o x i m a t e l y  e q u a l  amount o f  m a l e i c  a n h y d r i d e  a s  a b o v e .
The b e n z e n e  l i q u o r s  wore c o l o u r e d  p a l e  brown*
M e l t i n g  p o i n t s  ( i n  ) : *-
T e t r a p h o n y l c y c l o p e n t a d i e n o n e  216*^-218*^ Mixed m#p* w i t h
t o t r a p h e n y l c y c l o p e n t a d i e n o n e  
P r o d u c t  from p y r i d i n e  l i q u o r s  210*^-215*^ 2 1 0 ^ -2 1 5 °
P r o d u c t  from - p i c o l i n e  l i q u o r s  210^-215*^ 212*^-215°
P r o d u c t  from - p i c o l i n e  l i q u o r s  214*^-216*^ 210*^-215*^
M a le ic  a n h y d r id e  a d d u c t s  w i t h : -  Mixed m .p .  w i t h  a d d u c t
from t e j r a p h o n y I c y e l o p e n -  
T e t r a c y c l o n e  221° t a d i e n o n e .
P r o d u c t  from p y r i d i n e  l i q u o r s  216°  ' 222°
P r o d u c t  from o C - p ic o l in o  l i q u o r s  2 2 0 ° -2 2 2 °  2 1 8 ° -2 2 0 °
P r o d u c t  f r o m ^9- p i c o l i n e  l i q u o r s  i n d i s t i n c t  ---- -
The a d d u c t  formed from t h e / 9 - p i c o l i n e  p r o d u c t  was 
c o n ta m in a te d  w i t h  m a l e i c  a n h y d r i d e  w h ic h , m e l t i n g  e a r l y ^  
masked th e  m e l t i n g  p o i n t s *
A t te m p ted  p r e p a r a t i o n  o f  y l i d o s  from 2 : 5 - d i p h e n y l c y c l o p e n t a d i e n e » 
R e a c t i o n  o f  t h e  h y d r o c a r b o n  w i t h  N -b r o m o s u c c in i m id e .
1 g* o f  2 : 5 - d I p h e n y l c y c l o p e n t a d i e n e  and 0*82  g .  o f  
N -b ro m o su c c in im id e  were  r e f l u x e d  t o g e t h e r  i n  20 c c s .  o f  
c a r b o n  t e t r a c h l o r i d e  f o r  a b o u t  t h r e e  h o u r s ,  and t h e n  
a l lo w e d  t o  s t a n d  o v e r n i g h t .  The s u c c i n i m i d e  was f i l t e r e d
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o f f  and th e  f i l t r a t e  e v a p o r a t e d  u n d e r  r ed u c e d  p r e s s u r e .
A d a r k  t a r r y  p r o d u c t , which  d id  n o t  c r y s t a l l i s e  w e l l  on 
t r i t u r a t i o n ,  was o b t a i n e d .  Y i e l d  0*73 g*
A lthough  i t  was n o t  c e r t a i n  t h a t  th e  r e q u i r e d  p r o d u c t  
had  b e e n  o b t a i n e d , i t  was a l lo w ed  t o  s t a n d  o v e r n i g h t  w i th  
2 C C S .  of p y r i d i n e .  A ro d -b ro w n  s o l u t i o n  was fo rm e d ,  b u t  
no s o l i d  s e p a r a t e d .  No c o l o u r e d  m a t e r i a l s  were o b t a i n e d  
on t r e a t m e n t  o f  t h e  m i x t u r e  w i t h  sodium h y d r o x id e  s o l u t i o n .  
A d d i t i on o f  b rom ine  t o  2 : 5 - d i p h e n y l c y c l o p e n t a d i e n e •
1 g* o f  the  h y d r o c a r b o n  was d i s s o l v e d  i n  a b o u t  20 c c s .  
o f  c h l o r o f o r m ,  and a s o l u t i o n  o f  0 . 2 5  c c s .  o f  b rom ine  i n  a 
l i t t l e  c h lo ro f o rm  was ru n  i n t o  th e  s t i r r e d ,  co o led  s o l u t i o n  
o ver  a b o u t  h a l f  an  h o u r .  Some o f  the c h l o r o f o r m  was sucked 
o f f ,  and 0*75 c c s .  o f  p y r i d i n e  were a d d e d .  The deep g r e e n  
c o l o u r  o f  th e  s o l u t i o n  was disch arged  to  g iv e  a brown 
s o l u t i o n .  A fte r  a l l o w i n g  to  s t a n d  f o r  a few h o u r s  t h e  
c h l o r o f o r m  was removed a t  the w a t e r  pump. The s t i c k y  
r e s i d u e  gave no c o l o u r e d  p r o d u c t  w i th  sodium h y d r o x id e  
s o l u t i o n ,  no r  d id  i t  g iv e  a p i c r a t e  on t r e a t m e n t  w i t h  an 
a l c o h o l i c  s o l u t i o n  o f  p i c r i c  a c i d .
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R e a c t i o n  o f  b r o m o t o t r a p h e n y l cy c1 op e n t a d i e n e  w i t h
d i p h e n y l  s u l p h i d e ®
2*7 g .  of  b r o m o t e t r a p h e n y l e y e lo p e n t a d i e n e , 1 . 1  g ,
(1  CO®) o f  d i p h e n y l  s u l p h i d e  and a b o u t  15 c c s .  o f  
n i t ro m e th an e  w ere  mixed and a l lo w e d  to  s t a n d  o v e r n i g h t  
a t  room te m p e ra tu re ®  No r e a c t i o n  a p p e a re d  to  have t a k e n  
p l a c e ,  and th e  s o l i d  r e s i d u e  on f i l t r a t i o n  had t h e  same 
m e l t i n g  p o i n t  a s  b r o m o t o t r a p h e n y l c y c l o p e n t a d i e n e .
T re a tm e n t  w i t h  aqueous  a l c o h o l i c  sodium h y d r o x id e  s o l u t i o n  
p ro d u c e d  no c o l o u r  c h a n g e .
The f i l t r a t e  and r e s i d u e  were r e c o m b in e d ,  a few d r o p s  
o f  d ip h e n y l  s u l p h i d e  a d d e d ,  and th e  m i x t u r e  r e f l u x e d  f o r  
n i n e t e e n  h o u r s ,  s p r e a d  o v e r  t h r e e  ' . a y s .  The l i g h t  b rown 
s o l i d  r e s i d u e  o b t a i n e d  on f i l t r a t i o n  was u n r e a c t e d  
bromot e t r a p h o n y l c y c l o p e n t a d i e n e . The f i l t r a t e  was
e-^apora ted  down b u t  th e  p r o d u c t  a g a i n  was u n r e a c t e d  
s t a r t i n g  m a te r i a l ®
R e a c t i o n  o f  b r o m o t e t r a p h e n y l c y c l o p e n t a d i e n e  w i t h  
d im e th y 1 s u l n h i  do .
Sam ples  o f  0 .5  g . o f  b r o m o to t r a p h o n y l c y c l o p e n t a d i e n e  
and a p p r o x i m a t e l y  20 c c s , o f  ( a )  n i t r o m e t h a n e , and (b )  
b en z en e  wore a l lo w e d  t o  s t a n d  o v e r n i g h t  a t  room t e m p e r a t u r e ,  
w i t h  Ool cco o f  d i m e t h y l  s u l p h i d e . No change had a p p a r e n t l y  
t a k e n  p l a c e  i n  e i t h e r  c a s e ,  so  a l i t t l e  more d i m e t h y l  
s u l p h i d e  was added a n d  t h e  m i x t u r e s  a l lo w ed  to  s t a n d  f o r  
two m o n th s 0
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( a )  A s m a l l  s o l i d  d e p o s i t  was f i l t e r e d  o f f*  T h i s  was a 
d a r k  r e d  c r y s t a l l i n e  s o l i d ,  r e s e m b l in g
t e t r a p h e n y l c y c l o p e n t a d i e n o n e  * m*p, 215°“ 221°G,
The s o l v e n t s  wore removed from t h e  f i l t r a t e ,  and a 
d a r k ,  s t i c k y  r e s i d u e  v./as o b t a i n e d .  Rubbing on a p o r o u s  
p l a t e  gave a brown s o l i d  o f  i n d e t e r m i n a t e  m e l t i n g  p o i n t  
a b o u t  100°G,
T h i s  r e s i d u e  was e x t r a c t e d  w i th  h o t  ac o to n q ,  and t h e  
a c e to n e  e v a p o r a t e d  t o  y i e l d  0 .4 4  g* o f  a d a r k  s o l i d ,  a g a i n  
w i th  m e l t i n g  p o i n t  i n d i s t i n c t  b u t  a b o u t  100°G. T h i s  
m a t e r i a l  showed no r e a c t i o n  w i th  sodium h y d r o x i d e  s o l u t i o n  
c o n t a i n i n g  a l c o h o l  o r  ace tone®
R e c r y s t a l l i s a t i o n  o f  a sample from h o t  a l c o h o l  gave a 
d a r k  rod  s o l i d ,  m .p .  208°-211°C* ( r e d  m e l t )  which  d id  n o t  
d e p r e s s  th e  m e l t i n g  p o i n t  o f  t e  t r a p h e n y l c y c l o p e n t a d i e n o n e .
( b ) The b en zen e  was e v a p o r a t e d ,  l e a v i n g  0 .4 3  g* o f  a 
r e d d i s h  b l a c k  c r y s t a l l i n e  s o l i d ,  m .p ,  a p p r o x i m a t e l y  150°G.
T h i s  m a t e r i a l  was a l s o  i d e n t i f i e d  a f t e r  r e c r y s t a l l i ­
s a t i o n  from e t h a n o l ,  by moans o f  m e l t i n g  p o i n t  and mixed 
m o l t i n g  p o i n t  d e t e r m i n a t i o n s , a s  t e t r a p h e n y l c y c lo p e n t a d i e n o n e . 
R e a c t i o n  o f  d ib rom ocy c l o p e n t e  ne w i th  d i m e t h y l  s u l p h i d e •
9 * 7  C C S . of  d lb rom oc y c l o p e n t e n e  s o l u t i o n  were mixed 
w i th  2 .3  C C S .  ( 2 , 1  m o le s )  o f  d im e th y l  s u l p h i d e *  and th e  
m i x t u r e  a l lo w e d  t o  s t a n d  a t  room t e m p e r a t u r e .  A f t e r  a few 
h o u r s  a b u" ' f ,  s t i c k y  p r e c i p i t a t e  began  t o  fo rm  and a f t e r  one 
o r  two days t h e  s u p e r n a t a n t  l i q u o r s  were d e c a n t e d ,  and th e
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t r a c e s  o f  c h l o r o f o r m  r e m a i n i n g  removed a t  t h e  w a t e r  pump 
a t  room t e m p e r a t u r e  *
Y i e l d  o f  i n v o l a t i l e  m a t e r i a l  5*43 g# The r e s i d u e ,  which 
d id  n o t  c r y s t a l l i s e  even  on t r i t u r a t i o n  w i th  o t h e r ,  a c e to n e  
or  a l c o h o l ,  was t a k e n  up in  w a t e r  and 40/ aq u e o u s  sodium 
h y d r o x id e  s o l u t i o n  added® r e d -b ro w n  o i l y  p r e c i p i t a t e
was o b t a i n e d ,  w h ich  was e x t r a c t e d  i n t o  c h l o r o f o r m .  The 
c h l o r o f o r m  e x t r a c t  was d r i e d  f o r  a few m i n u t e s  w i th  d r i e r i t e ,  
and t h e  s o l v e n t  r e  loved a t  room t e m p e r a t u r e  and red u ced  
p r e s s u r e .  The s t i c k y  red  r e s i d u e ,  y i e l d  1 .3  g # (6 3 7 )  was 
o b t a i n e d  s o l i d  by r u b b i n g  on a p o r o u s  p l a t e , and co u ld  t h e n  
be r o c r y s t a l l i o e d  from a m e t h a n o l / c h l o r o f o r m  m i x t u r e  to  
y i e l d  a rod  brown s o l i d ,  w hich  d id  n o t  m e l t  a t  300°C ,  b u t  
decomposed s lo w ly  on h e a t i n g .  ( A n a l y s i s  70)#
The c o l o u r  o f  t h e  s o l u t i o n  v a r i e d  s l i g h t l y  w i th  th e  
s o l v e n t ,  b e in g  y e l lo w  i n  b e n z e n e ,  i n  which  i t  i s  v e r y  
s p a r i n g l y  s o l u b l e ,  o r a n g e  i n  c h l o ro f o rm  and o r a n g e - r e d  i n  
m e th a n o l  and a c e t o n e .
The c o l o u r  o f  a c h l o r o f o r m  s o l u t i o n  was a l m o s t  
c o m p le t e ly  d i s c h a r g e d  by a c i d ,  and r e s t o r e d  by  a l k a l i .
B i s - ( d i m e t h y l s u I p h o n o ) - c y c l o p e n t e n e  d i p i c r a t e  •
I n  a s i m i l a r  e x p e r i m e n t ,  1 .7 5  g* o f  t h e  i n v o l a t i l e  
i n t e r m e d i a t e  were  d i s s o l v e d  i n  a l c o h o l  and t r e a t e d  w i th  
p i c r i c  a c id  s o l u t i o n *  A y e l lo w  p i c r a t e  was p r e c i p i t a t e d  
and c o l l e c t e d  by f i l t r a t i o n .  Y i e l d  0 .6 2  g .
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A sample o f  t h i s  p i c r a t e  was t r e a t e d  w i th  407 sodium 
h y d r o x i d e  s o l u t i o n ,  and a l lo w e d  to  s t a n d  o v e r n i g h t ,  b u t  no 
c o l o u r e d  m a t e r i a l s ,  e x t r a c t a b l e  i n t o  c h l o r o f o r m  or  m e th y le n e  
d i c h l o r i d e ,  were formed e v e n  on h e a t i n g  a lm o s t  t o  b o i l i n g *  
A f t e r  t h r e e  r e c r y s t a l l i s a t i o n s  from b o i l i n g  w a t e r ,  t h e  
p i c r a t e  m e l t e d  a t  162°-164°G  ( w i th  d e c o m p o s i t i o n ) * The 
a n a l y s i s  ( 6 8 ) ,  was c o r r e c t  f o r  b i s ~ ( d i m e t h y l s u T p h o n o ) -  
c y c l o p o n te n e  d i p i c r a t e .
D e r i v a t i v e s  of  t h e  su lp h o n iu m  y l i d e .
P i c r a t e .
A s o l u t i o n  o f  t h e  r e d - b ro w n  y l i d e  i n  m e th a n o l  was 
t r e a t e d  w i th  p i c r i c  a c i d  s o l u t i o n ,  A d i r t y  y e l l o w  
p r e c i p i t a t e  was fo rm e d ,  b u t  on f i l t r a t i o n  t h i s  formed an 
i n t r a c t a b l e  gum a s  s o o n  a s  th e  s o l v e n t  was rem oved .
C h l o r a n i l  a d d u c t .
On a d d i n g  a l i t t l e  o f  t h e  y l i d e  t o  a s o l u t i o n  o f  
c h l o r a n i l  i n  b e n z e n e ,  a deep  b l u e  c o l o u r ,  which f a d e d  s l o w l y ,  
was im p a r t e d  t o  th e  s o l u t i o n .
D iaz o  p r o d u c t  »
0 , 1  CO, o f  a n i l i n e  was r e a c t e d  w i th  t h e  c a l c u l a t e d  
amount o f  sodium n i t r i t e  i n  d i l u t e  h y d r o c h l o r i c  a c i d , t h e  
tem pers  t u re  of th e  m i x t u r e  b e i n g  k e p t  b e tw e e n  0°  and 3 ^ 0 ,
T h is  d ia z o n iu m  s o l u t i o n  was added t o  0 . 1  g .  o f  th e  y l i d e  
i n  aqueous  m e t h a n o l i c  s u s p e n s i o n ,  and t h e  m i x t u r e  a l lo w e d  
t o  s t a n d  f o r  one h o u r .  A deep  red c o l o u r  was p r o d u c e d ,  
which was n o t  a p p a r e n t l y  deepened  by th e  a d d i t i o n  o f  sodium
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h y d r o x id e  s o l u t i o n *  A r e d  s o l i d  was p r e c i p i t a t e d  and 
c o l l e c t e d  by f i l t r a t i o n .  Y i e l d  ( c r u d e )  0*18 g .  ( lO O ^) .
R e c r y s t a l l i s a t i o n  was e f f e c t e d  from a b e n z e n e / c a r b o n  
t e t r a c h l o r i d e  m i x t u r e  by  p r e c i p i t a t i o n  w i t h  p e t r o l e u m  e t h e r  
No d i s t i n c t  m e l t i n g  p o i n t  was o b s e r v e d ,  b u t  t h e  m a t e r i a l  
decomposed o v e r  a ran g e  130°-150°C* A n a l y s i s  ( 7 2 ) ,  ag re e d  
w i th  t h e  e x p e c t e d  v a l u e s  on n i t r o g e n  only*
The d i a z o  d e r i v a t i v e  formed n e i t h e r  a p i c r a t e  n o r  a 
c h l o r a n i l  a d d u c t  u n d e r  t h e  u s u a l  c o n d i t i o n s *
-131
P r e p a r a t i o n  o f  2 ; 6 - d i m o t h y l - y - p y r o n e * ( 8 0 ) $
(1 )  2 g .  o f  d e h y d r a c e t i c  a c i d  were b o i l e d  w i t h  25 ccs* o f  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  u n t i l  the  e f f e r v e s c e n c e  
c e a s e d ,  which  to o k  h a l f  t o  t h r e e  q u a r t e r s  o f  an  hour* The 
s o l u t i o n  was t r a n s f e r r e d  t o  an e v a p o r a t i n g  d i s h  and 
e v a p o r a t e d  a l m o s t  to  d r y n e s s *  The r e s i d u e  was t a k e n  up 
i n  w a t e r ,  n e u t r a l i s e d  w i th  sodium h y d r o x id e  s o l u t i o n  and 
a g a i n  e v a p o r a t e d  a l m o s t  t o  d ry n es s*  A w atch  g l a s s  was 
p l a c e d  o ver  t h e  d i s h  i n  t h e  l a t t e r  s t a g e s  t o  p r e v e n t  l o s s
o f  th e  p r o d u c t  by s u b l i m a t i o n .  The r e s i d u e  was t r a n s f e r r e d  
t o  a vacuum s u b l i m a t i o n  a p p a r a t u s  and s u b l im e d  a t  
t e m p e r a t u r e s  r a i s e d  g r a d u a l l y  t o  l6 0 °C ,  u n d e r  1 mm* p r e s s u r e  
A w h i te  c r y s t a l l i n e  p r o d u c t  came o u t  on th e  c o o l  u p p e r  
s u r f a c e s  o f  th e  tu b e  * Y i e l d  0 ,5 5  g .  ( 3 7 * 1 7 ) ,  m*p* 
1 28 ° -1 3 0 °C .
The r e s i d u e  from th e  s u b l i m a t i o n  tu b e  was t a k e n  up i n  
w a t e r , and e x t r a c t e d ,  w i t h  c h l o r o f o r m .  The o r g a n i c  l a y e r  
was c o l o u re d  s l i g h t l y  y e l lo w  b u t  y i e l d e d  a n e g l i g i b l e  amount 
o f  s o l i d  m a t e r i a l  on e v a p o r a t i o n .
( 2 ) A s i m i l a r  e x p e r i m e n t  was c a r r i e d  o u t ,  b u t  i n s t e a d  o f  
e v a p o r a t i n g  down th e  a c i d  s o l u t i o n  i t  was n e u t r a l i s e d  w i th  
sodium h y d r o x id e  s o l u t i o n ,  and e x t r a c t e d  w i th  c h lo ro fo rm *
The e x t r a c t  was d r i e d  o v e r n i g h t  o v e r  anhydrous sodium 
s u l p h a t e  and t h e  c h l o r o f o r m  removed t o  g iv e  a w h i t e ,  
c r y s t a l l i n e  s o l i d .  Y i e l d  1*05 g* ( 7 0 . 9 7 ) ,  m.p* 129°-130°0*
- 152-
(3 )  A s i m i l a r  e x p e r i m e n t  was c a r r i e d  o u t  u s i n g  80 g o f  
d e h y d r a c e t i c  a c i d  and 1000 c c s ,  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d .  The s o l u t i o n  was b o i l e d  i n  a b e a k e r  f o r  s e v e r a l  h o u r s  
to  r e d u c e  th e  amount o f  h y d r o c h l o r i c  a c i d  t o  be  n e u t r a l i s e d .  
A f t e r  n e u t r a l i s a t i o n  w i t h  sodium h y d r o x i d e ,  e x t r a c t i o n  w i th  
c h l o r o f o r m , d r y i n g  o f  t h e  e x t r a c t  and r e m o v a l  o f  t h e  s o l v e n t ,  
a p a l e  brown c r y s t a l l i n e  m a t e r i a l  was o b t a i n e d .  Y i e l d  47*4 g ,  
(80 .35?) ,  m .p .  1 3 0 ° -1 3 4 °G .
One r e  c r y s t a l l i s a t i o n  from a b e n z e n e / p e t r o l e u m  e t h e r  
m ix t u r e  y i e l d e d  38 g , (6 4 7 )  o f  a w h i te  c r y s t a l l i n e  m a t e r i a l  
m .p .  132°-13U°C.
{U) E x p o r lm o n t  (3 )  was r e p e a t e d  u s i n g  100 g .  o f  d e h y d r a c e t i c  
a c id  and 1250 c c s , o f  h y d r o c h l o r i c  a c i d .  No s o l i d  m a t e r i a l  
was o b t a i n e d ,  even  on a d d i t i o n  o f  f u r t h e r  a l k a l i  t o  th e  
aqueous  l a y e r  and a second  e x t r a c t i o n  w i th  c h l o r o f o r m ,
( 5 ) E x p e r im e n t  (4 )  was r e p e a t e d  e x a c t l y ,  6 1 ,5  g* ( 8 3 ,3 7 )  
o f  p a l e  brown c r y s t a l l i n e  p r o d u c t ,  m . p . 1 3 0 ° - 1 3 4 ' C^ were 
o b t a i n e d .  One r e c r y s t a l l i s a t i o n  gave 5 5 ,5  g ,  o f  w h i te  
m a t e r i a l .  On s t a n d i n g  th e  l i q u o r s  d e p o s i t e d  a seco n d  
c ro p  o f  5 f5 g ,  o f  w h i t e  m a t e r i a l .  T o t a l  61 g . ( 8 2 .5 7 )  
m .p .  1 3 2 ° -1 3 U °0 .
A t te m p ts  a t  t h e  u r e p a r a t i o n  o f  t e t r a p h e n y l cy c 1 op e n t a d i e n y l
magnes ium  b rom ide  and i o d i d e ®
I n  a l l  th e  work done on t h i s  t o p i c  th e  same a p p a r a t u s  
was u s e d , n am e ly ,  a t h r e e - n e e k e d , ro u n d -b o t to m e d  f l a s k  
c a r r y i n g  a c o n d e n s e r  and a d r o p p in g  f u n n e l  ( b o t h  g u a rd ed
“ 1 5 3 “
by C a lc ium  c h l o r i d e  t u b e s ) ,  and a s t i r r e r  w i th  a m e rc u ry  
s e a l *  The a p p a r a t u s  was d r i e d  i n  an  oven a t  a b o u t  1 1 0 ^ -  
120^0 b e f o r e  use*
The magnesium u se d  ( G r ig n a r d  g r a d e )  was d e g r e a s e d  w i t h  
e t h e r ,  d r i e d  f i r s t  i n  a vacuum d e s i c c a t o r ,  and t h e n  i n  t h e  
r e a c t i o n  f l a s k  by  p l a y i n g  q lum inous  Bunsen  f lam e  on t h e  
o u t s i d e  o f  th e  f l a s k  f o r  s e v e r a l  m in u t e s  b e f o r e  each  r u n  
was s e t  u p .
The o t h e r  and benzene  u s e d  were r i g o r o u s l y  d r i e d  w i th  
sodium* M e th y l  i o d i d e  and e t h y l  b rom ide  were d r i e d  o v e r  
sodium s u l p h a t e ,  and d i s t i l l e d  i n  d ry  a p p a r a t u s  w i t h  t h e  
r e c e i v i n g  f l a s k  g u a rd ed  b y  a c a lc iu m  c h l o r i d e  t u b e .  A l l  
s o l i d  m a t e r i a l s  u se d  were d r i e d  t h o r o u g h l y  and th e n  k e p t  
o v e r  p h o s p h o r u s  p e n t o x i d e  i n  a vacuum d e s i c c a t o r *
D i r e c t  Method *
The d i r e c t  method i n v o l v i n g  th e  r e a c t i o n  o f  magnesium 
w i th  b r o m o t e t r a p h e n y l c y c l o p e n t a d i o n e  was t r i e d  s e v e r a l  t i m e s  
w i th o u t  s u c c e s s ,  0 ,1 5  g .  o f  magnesium were  u s e d ,  a l i t t l e  
e t h e r  added and a s o l u t i o n  o f  2 ,5  g* o f  t h e  bromo compound 
i n  b enzene  g r a d u a l l y  a d d e d .  No h e a t  o f  r e a c t i o n  was 
o b s e r v e d ,  and t h e  r e a c t i o n  was n o t  i n i t i a t e d  by c r u s h i n g  t h e  
magnesium w i th  a g l a s s  r o d , a d d i t i o n  o f  c r y s t a l s  o f  i o d i n e ,  
a d d i t i o n  o f  a l i t t l e  m e th y l  i o d i d e ,  o r  by w arming  t o  th e  
b o i l i n g  p o i n t  o f  e t h e r ,
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Exchange  r é a c t i o n  o f  t e t r a p h e n y l c.yclop e n t a d i e n e  w i t h   ^
m e th y l  and o t h y l  magnésium b ro m id e  &
I n i t i a l l y  d i f f i c u l t  was e n c o u n te r e d  i n  t h e  p r e p a r a t i o n  
o f  t h e  s im p le  G r i g n a r d  r e a g e n t s j  and t h e r e  was a lw ay s  a 
c e r t a i n  r e l u c t a n c e  f o r  t h e s e  r e a c t i o n s  t o  s t a r t *  A d i s t i n c t  
improvement was made by u s i n g  a s m a l l e r  volume o f  e t h e r  both  
t o  c o v e r  t h e  magnesium and t o  make up th e  a l k y l  h a l id e  
s o l u t i o n *  On a d d i t i o n  o f  t h e  t o t r a p h e n y l c y c l o p e n t a d i e n e  
no h e a t  o f  r e a c t i o n  was o b s e rv e d  i n  any o f  the s e v e r a l  r u n s ,  
and th e r e  was no a p p a r e n t  e v o l u t i o n  of  g a s  (m ethane  o r  
e t h a n e )  even  on s t i r r i n g  and r c f l u x i n g  on an  i s o m a n t l e  f o r  
1 -2  h o u rs»  The q u a n t i t i e s  used  were 0*15 g* o f  m agnesium , 
0*4 -  O.jS CCS * o f  m ethy l  i o d i d e  ( o r  e t h y l  bromide -  a s l i g h t  
e x c e s s  i n  ea ch  c a s e )  and 2 g* of  t e t r a p h e n y l c y c l o p e n t a d i e n e .  
R e a c t i o n  w ith  2 : 6 -d im e t h y l -y - p y r o n e  and 
t e t r a p h e n y I c y e l o p e n t a d i enone  *
D e s p i t e  the l a c k  of  e v i d e n c e  f o r  th e  f o r m a t i o n  o f  t h e  
r e q u i r e d  organo-magnesium compound, t h e  r e a c t i o n  o f  th e  
’’G r ig n a rd  s o l u t i o n " , d e s c r ib e d  above ,  w i th  2 : 6 - d i m e t h y l - ^  
p y ro n e  and t e t r a p h e n y l c y c l o p o n ta d ie n o n o  was t e s t e d .
( i )  To the s o l u t i o n  o b t a i n e d  i n  one o f  t h e  attempted  
exchange r e a c t i o n s  was added , w i t h  m e c h a n i c a l  s t i r r i n g ,  
a benzene  s o l u t i o n  of  0*78 g* o f  the y -pyrone* A f t e r  
s t i r r i n g  f o r  a b o u t  h a l f  an h o u r  th e  m ix t u r e  was decanted  
i n t o  a co ld  p e r c h l o r i c  a c id  s o l u t i o n .  The l a y e r s  wore 
s e p a r a t e d , and each  was t e s t e d  w i th  a c i d  and a l k a l i ,  but
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no c o l o u r  change was o b se rv e d *  The s t a r t i n g  m a t e r i a l s  
were r e c o v e r e d  i n  r e a s o n a b l e  y i e l d s  -  th e  h y d r o c a r b o n  
from th e  b e n z e n e ,  and th e  p y ro n e  by c h l o r o f o r m  e x t r a c t i o n  
o f  t h e  aq u eo u s  l a y e r ,  / f t e r  i t  had b e e n  made a l k a l i n e  #
( i i )  G r i g n a r d  s o l u t i o n s  a s  p r e p a r e d  above were  t r e a t e d  
w i th  1 . 6  g* o f  t e  t r  aphony  I cy c l  open ta d  i e  no ne <, i n  b enzene  
s o l u t i o n .  I n  no c a se  was t h e  c o l o u r  o f  t h e  
t e t r a p h e n y l c y c l o p o n ta d i e n o n o  d i s c h a r g e d  e v e n  a f t e r  t h e  
m ix t u r e  had b e e n  r e f l u x e d  f o r  p e r i o d s  o f  from a few h o u r s  
t o  two d a y s . ' The s t a r t i n g  m a t e r i a l s  were  r e c o v e r e d  a l m o s t  
c o m p le t e ly  and s e p a r a t e d  r o u g h l y  by c r y s t a l l i s a t i o n  from 
a l c o h o l .  The two f r a c t i o n s  o b t a i n e d  i n  t h i s  way were 
ch ro m a to g rap h ed  on an  a lu m in a  column (4 cm. x 10 cm .)*
The t e t r a p h e n y l c y e l o p e n t a d i e n o n e  and t e t r a p h e n y l c y c l o p e n t a d i e n e  
were r a t h e r  d i f f i c u l t  t o  s e p a r a t e  c o m p l e t e l y ,  d e s p i t e  t h e  
d i f f e r e n c e  i n  c o l o u r , b u t  no a p p r e c i a b l e  amount o f  any 
o t h e r  m a t e r i a l  was o b s e rv e d  i n  th e  e l u a t e s ,  oven  when 
t h e  column was i l l u m i n a t e d  i n  U.V* l i g h t  d u r i n g  th e  
s e p a r a t i o n .
A t te m p te d  r e a c t i o n  b e tw een  cv c 1 op o n t a d i e n y l  magnesium 
brom ide  and 2 : 6 - d i m e t h y l - y - p y r o n e *
E t h y l  magnesium brom ide was p r e p a r e d  from 1 g ,  o f  
magnesium and 3 , 6  c c s .  o f  e t h y l  b rom ide  ( s l i g h t  e x c e s s ) .
3 . 4  C C S ,  ( 2 .7 5  g * ) o f  e y e l o p e n t a d l e ne ( f r e s h l y  d i s t i l l e d  
u n d e r  an h y d ro u s  c o n d i t i o n s ) , i n  e t h e r  s o l u t i o n ,  were ru n  
i n  g r a d u a l l y  o v e r  a b o u t  h a l f  an h o u r ,  w i t h  r a p id  s t i r r i n g ,
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T h e re  was l i t t l e  h e a t  o f  r e a c t i o n ,  b ut  t h e r e  was some 
o v ia e n c e  o f  g a s  e v o l u t i o n .  A f t e r  two h o u r s  s t i r r i n g  a 
b e n z e n e  s o l u t i o n  o f  5 g* o f  2 :6  d im e th y l - / - p y r o n e  was r u n  
i n  r a p i d l y ,  A red brown o i l  was produced , and a f t e r  a 
few m i n u t e s  th e  r e a c t i o n  m ix t u r e  was d i v i d e d  i n t o  two 
p o r t i o n s .  One was hy d ro ly sed  by adding i t  t o  co ld  
ammonium c h l o r i d e  s o l u t i o n ,  t h e  o t h e r  by a d d in g  i t  t o  c o ld  
d i l u t e  p e r c h l o r i c  a c i d  s o l u t i o n .
The two m ix tu res  were t r e a t e d  i n  t h e  same way. The 
o i l  d i s s o l v e d  i n  the u p p e r  o rg a n ic  l a y e r , t h e  l a y e r s  were  
s e p a r a t e d  and th e  o rg a n ic  l a y e r s  d r i e d  and d i s t i l l e d .  The 
r e s i d u e  i n  each ca se  was n o n - c r y s t a l l i n e ,  and s m e l t  s t r o n g l y  
o f  c y c l o p c n t a d i e n e  ( p o s s i b l y  th e  d i c y c l o p o n t a d i o n e  had b e e n  
r e f o r m e d ) .
The aq u eo u s  l a y e r s  were e x t r a c t e d  w i th  c h l o r o f o r m ,  and 
th e  e x t r a c t s  y i e l d e d  2 , 9  g .  o f  2 : 6 - d i m e t h y l - / ' - p y r o n e .  The 
r e m a in in g  aq u e o u s  l a y e r s  c o n ta in e d  a s m a l l  amount o f  
d i s s o l v e d  g r e e n  m a t e r i a l ,  w h ich  could not be e x t r a c t e d  i n t o  
o r g a n i c  s o l v e n t s  u n d e r  e i t h e r  a c id  or a l k a l i n e  c o n d i t i o n s .  
P r e p a r a t i o n  o f  s o d io  t o t r a p h e n y l c y c 1op e n t a d i e n e ,
A dry one l i t r e  th r ee -n eck ed  f l a s k  was embedded i n  
s aw d u s t  i n  a b a s in  and a b o u t  100 c c s ,  o f  l i q u i d  ammonia ru n  
i n .  Two o f  the  n e c k s  o f  th e  f l a s k  we re  s t o p p e r e d ,  th e  
t h i r d  c a r r i e d  a so d a  l im e tu b e  p o i n t i n g  i n t o  t h e  fume 
cu p b o a rd  i n  which  t h e  o p e r a t i o n  was c a r r i e d  o u t . A few 
c r y s t a l s  o f  f e r r i c  n i t r a t e  were a d d e d ,  f o l lo w e d  by 0 . 2 5  g .
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o f  c l e a n  sod ium ,  c u t  i n t o  s m a l l  p i e c e s ,  2 g ,  o f  
t e t r a p h e n y lG y c _ lp p e n ta d io n e  were ad d e d ,  w i th  o c c a s i o n a l  
s w i r l i n g ,  t o  th e  s o l u t i o n  o f  sodamido i n  ammonia, which 
had assumed a b lu e  c o l o u r  « A f t e r  two h o u r s ,  a b o u t  
70  CCSo o f  d ry  benzene  wore r u n  i n  and t h e  ammonia 
a l lo w ed  to  e v a p o r a t e  0
T h is  p r e p a r a t i o n  was r e p e a t e d  and one b a t c h  was 
t r e a t e d  w i th  t e t r a p n e n y l c y c l o p o n ta d  ien o n e  9 t h e  o t h e r  w i th
2:  6 d im e t h y l - y - p y r o n e c0
R e a c t i on w i th  Tet r a p h e n y l c y c l o p o n t a d i e n o n o •
The f l a s k  c o n t a i n i n g  th e  s o d io  compound was f i t t e d  
w i th  a m e rc u ry  s c a l e d  s t i r r e r  and a dropping fu n n e l*
1 , 9  go o f  t o t r a p h o n y l c y c l o pe n t  a d i e none i n  dry benzene were  
ru n  i n ,  w i t h  s t i r r i n g  « The s t i r r i n g  was c o n t i n u e d  f o r  
a b o u t  two h o u r s  by which t im e  th e  r e d  c o l o u r  o f  t h e  k e t o n e  
had a p p a r e n t l y  d i s a p p e a r e d  l e a v i n g  a dark brown s o l u t i o n .  
H y d r o l y s i s  was e f f e c t e d  by a d d i t i o n  o f  d i l u t e  a c e t i c  a c i d  
t o  th e  s t i r r e d  s o l u t i o n o  A f t e r  f i f t e e n  m i n u t e s  th e  b en z en e  
l a y e r  v/as s e p a r a t e d ,  th e  aq u e o u s  l a y e r  e x t r a c t e d  w i th  
benzene  and th e  combined b en z en e  l a y e r s  d r i e d  o v e r  c a l c i u m  
c h l o r i d e 0 The b enzene  was removed on the w a t e r  b a t h  and a 
brown r e s i d u e , w e ig h t  3^56 g o ,  was o b ta in e d ,
I 0I 6 go o f  t h i s  m a t e r i a l  was e x t r a c t e d  w i t h  h o t  
a l c o h o l , and t h e  e x t r a c t  f i l t e r e d ,  0 ,3  g* o f  a s o l i d  w i th  
a g r e e n  t i n g e  was r e t a i n e d  on t h e  f i l t e r , T h i s  p ro v ed  to  
be a lm o s t  e n t i r e l y  t e t r a p h e n y l c y c l o p e n t a d i e n o n e , b u t  by
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c h ro m a to g ra p h y  on a lu m in a  (2 x 15 cm*) a s m a l l  amount o f  
a ro d -o rR n g o  gum was s e p a r a t e d . T h is  was o b t a i n e d  s o l i d  
by t r i t u r a t i o n  w i th  a c e t o n e ,  and m o l ted  a t  1 7 2 ^ - 1 7 7 ^0 .
I t  d e p r e s s e d  t h e  m o l t i n g  p o i n t  o f  t e  t r a p h e n y l c y d o pe n t a d l e  no 
(m*p* 1 7 8 ^ 0 ).. A n a l y s i s  ( 5 6 ) ,  d id  no t  c o r r e s p o n d  t o  th e  
e x p e c te d  formula.*
The a l c o h o l i c  f i l t r a t e  was e v a p o r a t e d ,  and 0 , 6  g .  o f  
a b rown r e s i d u e  was o b t a i n e d .  The m e l t i n g  p o i n t  was i n  
t h e  r a n g e  o f  100^-120*^0, R e c r y s t a l l i s a t i o n  from m e th a n o l  
was d i f f i c u l t ,  a s  th e  m a t e r i a l  m o l te d  u n d e r  th e  l i q u i d  and 
formed a gum, P u r i f i c a t i o n  was e f f e c t e d  by ch ro m a to g ra p h y  
on alumina ( 1 . 5  x 17 c m , ) ,  the m ain  e l u a t e  b e i n g  tak en #
A c r y s t a l l i n e  sample was p r e p a r e d  by ta k in g  up the r e s i d u e ,  
a f t e r  removal of  t h e  s o l v e n t ,  i n  a l c o h o l ,  f i l t e r i n g  and 
p r e c i p i t a t i n g  w i th  a l i t t l e  c o l d  w a t e r .  M ,p . 1 1 0 ^ - 1 1 3 , 5 °G. 
A g a in  a n a l y s i s  (5 7 )?  gave no h e l p f u l  r e s u l t s .
Attempted d e h y d r a t io n ,
0 ,2  g , of th e  brown r e s i d u e ,  a f t e r  e v a p o r a t i o n  of  th e  
a l c o h o l i c  f i l t r a t e , was r e f l u x e d  o v e r n i g h t  w i th  0 .0 2  g , of  
i o d i n e  i n  a few c c s ,  of  b e n z e n e  ( c f ,  6 6 ) ,  The s o l v e n t  
and i o d i n e  were removed a t  th e  w a te r  pump on th e  w a te r  
b a t h .  The r e s i d u e  was r e d i s s o l v e d  i n  b e n z e n e ,  th e  
s o l u t i o n  a p p l i e d  t o  an  a lu m in a  column (15 x 2 c m . ) ,  and 
developed  and e l u t e d  w i th  e t h e r , Only s t a r t i n g  m a t e r i a l  
was d e t e c t e d  i n  the e l u a t o s ,
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R é a c t i o n  w i th  2 ; 6 -d im e t h y l - y - p y r o n e .
The f l a s k  c o n t a i n i n g  the sod io  compound was f i t t e d  
w i th  a m e rc u ry  s e a l e d  s t i r r e r  and a d r o p p in g  fu n n e l*
0*7 g* o f  2; 6 - d im o th y l - y ' - p y r o n e  i n  ben zen e  s o l u t i o n  was 
ru n  i n  w i t h  s t i r r i n g ,  which  was c o n t in u e d  f o r  te n  m in u te s *  
T here  was l i t t l e  change i n  t h e  c o l o u r  o f  t h e  s o l u t i o n *
The m i x t u r e  was h y d r o l y s e d  b:/ a d d in g  d i l u t e  a c e t i c  a c i d ,  
th e  l a y e r s  s e p a r a t e d ,  t h e  aq u eo u s  la y e r  washed w i th  
b e n z e n e ,  a n d th e  b e n z e n e  l a y e r s  combined and dried  over  
c a lc iu m  c h l o r i d e *  The b e n z en e  was removed u n d e r  r e d u c e d  
p r e s s u r e  and a brown g l a s s  r e m a in e d .  T r i t u r a t i o n  w i th  
e t h e r  and a l c o h o l  d id  n o t  in d u c e  c r y s t a l l i s a t i o n  b u t  on 
s h a k in g  w i t h  a l i t t l e  a c e t o n e  and t h e n  pumping o f f  th e  
a c e to n e  a vo lum inous  p l a s t i c  l i k e  m a t e r i a l  was formed *
T h is  c o u ld  be crum bled  to  a brown po w d er .  Y ie l d  2*68 g .  
A f t e r  two re  c r y s t a l l i s a t i o n s  from m e th a n o l  t h e  m*p. was 
1 2 8 ,5 ^ -1 3 1 * 5 ^ 0 ,  R ixed  m ,p ,  w i th  2 : 6 -d im e th y l -y -p y r o n e  
(m ,p ,  1 3 2 *^-1 3 4^0 ) was ap prox im ate ly  110*^0, A n a l y s i s  (5 9 )  
was i n c o n c l u s i v e *
A t te m p te d  d e h y d r a t i o n ,
0 , 2  g ,  o f  the  brown powder was r e f l u x e d  o v e r n i g h t  
w i th  0 ,0 2  g,  i o d i n e  i n  a few c c s ,  o f  b enzene*  The b en zen e  
and i o d i n e  w ere  removed on t h e  w a t e r  b a t h  u s i n g  a w a te r  
pump, th e  r e s i d u e  t a k e n  up i n  a b e n z e n e / a c e t o n e  mixture  
and a p p l i e d  to an a lu m in a  column ( 1 , 2  x 15 c m , ) .  The
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f i r s t  e l u a t e  ( w i t h  e t h e r  a s  e l u a n t )  was th e  o n l y  one 
to  g iv e  any  c r y s t a l l i n e  m a t e r i a l .  T h is  was a y e l lo w  
c r y s t a l l i n e  s o l i d ,  w e i g h t  0 ,0 3 7  g , , m ,p ,  81°"-85°G# 
A n a l y s i s  (60), a g a i n  was i n c o n c l u s i v a *  '
161.
D e r i v a t i v e s  o f  pyr ld in j-um  c y c l o p e n t a d i e n y l i d e .
P i c r a t e  »
A d d i t i o n  o f  e t h a n o l i c  p i c r i c  a c i d  s o l u t i o n  t o  a h o t  
s o l u t i o n  of  t h e  y l l d e  i n  b en z e n e  o r  e t h a n o l  r e s u l t e d  i n  
t h e  f o r m a t i o n  o f  y e l l o w  p r e c i p i t a t e s  which d a rk e n e d  r a p i d l y ,  
A p i c r a t e  was p r e p a r e d  from c o ld  f i l t e r e d  s o l u t i o n s  o f  
the y l i d o  i n  b e n z e n e ,  and p i c r i c  a c i d  i n  e t h a n o l ,  A yellow» 
brown p r e c i p i t a t e  was formed and c o l l e c t e d  by f i l t r a t i o n .
The m a t e r i a l  was v e r y  s e n s i t i v e  to  h e a t ,  and a t t e m p t s  a t  
r e c r y s t a l l i s a t i o n  l e d  to  d e c o m p o s i t i o n  of  th e  p i c r a t e .
An a n a l y s i s  sample  was t h e r e f o r e  p r e p a r e d  by w a sh in g  th e  
p r o c i p i  a t e  w e l l  w i t h  benzene  and e t h e r , m,p. decomposes 
c a .  95°G . ( A n a l y s i s ,  6 4 . )
Mo t h i o d i d e ,
0 , 1  g ,  o f  p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e  was sh a k en  
w i t h  a l i t t l e  m e th y l  i o d i d e  i n  o th e r ,  th e  f l a s k  h a v i n g  
p r e v i o u s l y  b e e n  f l u s h e d  o u t  w i t h  n i t r o g e n .  No change was 
o b s e rv e d  a f t e r  sh ak ing  f o r  a day .
T r in i t r o b e n z e n e  a d d u c t ,
P yrid in ium  c y c l o p e n t a d i e n y l i d e , i n  a l c o h o l i c  s o l u t i o n ,  
was t r e a t e d  w i t h  t r i n i t r o b e n z e n e . A f t e r  s t a n d i n g  fo r  1 -2  
days o n ly  s t a r t i n g  m a t e r i a l s  were d e t e c t e d  i n  the p r o d u c t ,  
Adduc t s w i t h  c h l o r a n i l  and b o n z o q u i n o n e •
F i l t e r e d  b e n z e n e  s o l u t i o n s  o f  t h e  y l i d o  were t r e a t e d  
r e s p e c t i v e l y  w ith  f i l t e r e d  b enzene  s o l u t i o n s  o f  c h l o r a n i l  
and b o n z o q u in o n e ,
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I n  each  c a s e  a deep  c o l o r â t ioru,’, p u r p l e  w i t h  
b e n z o q u in o n e  and g r e e n i s h  b lu e  w i t h  c h l o r a n i l ,  was 
p ro d u c e d  i n m e d i a t e l y *  These  c o l o u r s  f a d e d  a f t e r  ab o u t  
one m i n u t e ♦
A d a r k  c o l o u r e d  p r e c i p i t a t e  was c o l l e c t e d  from the  
bon zo q u in o n e  r e a c t i o n ,  washed w i t h  benzene  and w a te r  and 
a sample s e n t  f o r  a n a l y s i s  ( 5 2 ) ,  The f i g u r e s  showed t h i s  
to  be s l i g h t l y  impure b o n z o q u in o n e .
A n a l y s i s  o f  a s i m i l a r  p r o d u c t  from t h e  c h l o r a n i l  
e x p e r im e n t  gav e  a c o r r e s p o n d i n g  r e s u l t . Any complex  
which had fo rm e d ,  t h e r e f o r e  a p p e a r e d  to  have decomposed 
r a p i d l y .
R e a c t i o n s  o f  P y r i d i n i u m  c y c l o p e n t a d i e n y l i d e  $
B r o m i n a t i o n ,
0*345 g* o f  th e  y l i d e  was t a k e n ,  d i s s o l v e d  i n  c h l o r o f o r m ,  
and t h e  s o l u t i o n  r u n  i n t o  a t h r e e - n o c k e d  f l a s k  f i t t e d  w i t h  
a d r o p p i n g  f u n n e l  and n i t r o g e n  i n l e t  and o u t l e t  t u b e s .
The a p p a r a t u s  was p r o v io u a ly f lu s h e d  ou t  w i t h  n i t r o g e n  w hich  
had b e e n  p a s s e d  t h r o u g h  a m e rc u ry  b u b b le  b o t t l e  and a 
c a lc iu m  c h l o r i d e  d r y i n g  t o w e r .  The o u t l e t  t u b e  l e d  i n t o  
a t r a p  c o o le d  i n  s a l t  and i c e , and th e n  by means o f  r u b b e r  
t u b i n g  and a sm a l l  i n v e r t e d  f u n n e l  ( t o  p r e v e n t  s u c k in g  b a c k )  
i n t o  w a te r  c o n t a i n e d  i n  a s m a l l  b e a k e r  *
A g e n t l e  s t r e a m  o f  n i t r o g e n  was p a s s e d  th r o u g h  the  
r e a c t i o n  f l a s k , and a s o l u t i o n  o f  one m o la r  e q u i v a l e n t  o f  
b rom ine  i n  c h l o r o f o r m  was r u n  i n  s l o w l y .  The r i c h  red
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c o l o u r  o f  t h e  y l i d o  s o l u t i o n  was d i s c h a r g e d  and a d a r k  
s o l i d  d e p o s i t  o b ta in e d *  At t h e  end o f  t h e  a d d i t i o n  no 
b rom ine  had c o l l e c t e d  i n  th e  co ld  t r a p ,  and a p p a r e n t l y  
no h y d ro g en  b rom ide  (had been  ev o lv ed  as  t h e  s o l u t i o n  i n  
th e  b e a k e r  was n e u t r a l  t o  l i tm u s *
The s o l i d  d e p o s i t  was f i l t e r e d  o f f  and washed w ith  
ch lo ro fo rm *  I t  was a brown po w d er ,  i n s o l u b l e  i n  
chloroform  o r  m e th y le n e  d i c h l o r i d e  and v e r y  s l i g h t l y  
s o l u b l e  i n  a c e to n e *  I t  was s o l u b l e  i n  a l c o h o l  and w a t e r ,  
and could b e  p r e c i p i t a t e d  f rom  m e th a n o l  by a d d i t i o n  o f  e t h e r .  
As h e a t i n g  e v e n  to  th e  b o i l i n g  p o i n t  o f  m e th a n o l  ca u sed  
d e c o m p o s i t i o n ,  an  a n a l y s i s  sample  was p r e p a r e d  by ad d in g  
e t h e r  to  a f i l t e r e d  mot h a n o l i c  s o l u t i o n .
Y ie ld  0*3 g .  No m e l t i n g  p o i n t  could  bo d e t e r m i n e d , a s  
t h e  m a t e r i a l  decomposed on h e a t i n g .  A n a l y s i s  (49)  d id  n o t  
c o r r e s p o n d  t o  any  s im p le  b n o m i n a t i o n  p r o d u c t ,  a l t h o u g h  th e  
p e r c e n t a g e  o f  b ro m in e  was t h a t  f o r  a compound i n  which one 
atom o f  b ro m in e  had b een  i n t r o d u c e d *
R e a c t i o n  w i th  M a l e i c  A n l iy d r id e .
An apparatus s i m i l a r  t o  t h a t  u se d  f o r  the  b r o m i n a t i o n  
e x p e r i m e n t  was s e t  upo 0 , 3 1  g« of p y r i d i n i u m  
cy c l o p e n t a d i e n y l i d e  i n  a b o u t  20 c c s . o f  b e n z e n e  was p l a c e d  
i n  the f l a s k ,  dry n i t r o g e n  b u b b le d  th ro u g h  and 0 .2 5  g* o f  
m a l e i c  anhydride i n  b en z e n e  was ad d e d .  The deep r e d  
c o l o u r  o f  th e  y l i d o  was g r a d u a l l y  d i s c h a r g e d ,  and a f t e r  
a b o u t  20 m i n u t e s  th e  i n l e t  and o u t l e t  t u b e s  were  c l o s e d ,
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and th e  m ix t u r e  a l lo w e d  to  s tand  o v e r n i g h t  i n  an 
a tm o sp h e re  o f  n i t r o g e n *
A brown p r e c i p i t a t e  s e t t l e d  o u t  from th e  p a l e  brown 
l i q u o r s ,  and t h i s  was c o l l e c t e d  and washed w e l l  w i th  
benzene*  The w a sh in g s  were p i n k  i n d i c a t i n g  th e  p r e s e n c e  
o f  some u n r e a c t e d  y l i d e  * Y i e l d  0*24 g* On h e a t i n g ,  t h e  
p r o d u c t  decomposed to  g iv e  a b l a c k  r e s i d u e ,  and d id  n o t  
m o l t  below 270°C,
The b rown m a t e r i a l  was p r a c t i c a l l y  i n s o l u b l e  i n  
o r g a n i c  s o l v e n t s , and an a n a l y s i s  sample was p r e p a r e d  by 
th o ro u g h  w ash ing  w i t h  benzene  and o t h e r *
I t  was more s o l u b l e  i n  d i l u t e  sodium h y d r o x id e  s o l u t i o n ,  
t o  g iv e  a r ed -b ro w n  s o l u t i o n .  E x t r a c t i o n  w i th  b en z en e  o r  
c h l o r o f o r m  gave t o  some e x t e n t  th e  f a m i l i a r  red  c o l o u r  o f  
th e  y l i d e  i n  th e  o r g a n i c  l a y e r *  T h i s  s u g g e s t e d  t h a t  
p e r h a p s  a s a l t  had b e e n  formed b e tw e e n  th e  m a le i c  a n h y d r i d e  
and the .  y l i d e  * The a n a l y s i s  ( 5 l )  f i t t e d  f o r  no s im p le  
a d d u c t ,
C o u p l i n g  w i t h  benzene  d ia zo n iu m  c h l o r i d e ,
0 , 1  c c , o f  a n i l i n e  was r e a c t e d  w i th  th e  c a l c u l a t e d  
amount o f  sod ium  n i t r i t e  i n  d i l u t e  h y d r o c h l o r i c  a c i d ,  
the  t e m p e r a t u r e  b e in g  k e p t  be tw een  0° and 5^C, This  
d iazon ium  s o l u t i o n  was added t o  0 ,1  g ,  o f  p y r i d i n i u m  
c y c l o p e n t a d i e n y l i d e  i n  an  aqueous  m e th a n o l  s u s p e n s i o n .
The red  c o l o u r  of  t h e  y l i d e  s o l u t i o n  d e e p e n e d ,  and when 
made a l k a l i n e  w i t h  d i l u t e  sodium h y d r o x id e  s o l u t i o n ,  a
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d a r k  c o lo u re d  p r e c i p i t a t e  fo rm e d .  Y ie l d  0 ,1 6 4  g#
( 90% ), The p r o d u c t  decomposed on h e a t i n g  i n  a m e l t i n g  
p o i n t  a p p a r a t u s .
The c o l o u r s  o f  t h e  s o l u t i o n s  of  t h e  d i a z o  compound 
i n  o r g a n i c  s o l v e n t s  were d e e p e r  th a n  th o s e  of t h e  s o l u t i o n s  
o f  the  y l i d e  i t s e l f ,  so  t h a t  ben zen e  and c h lo ro f o rm  were 
c o l o u r e d  deep r e d - p u r p l e  and the  a l c o h o l i c  s o l u t i o n  was 
b r i g h t  r e d ,
H e c r y s t a l l i s a t i o n  was a t t e m p t e d  from a ran g e  o f  
org a n ic  s o l v e n t s  b u t  no s a t i s f a c t o r y  method was fo u n d ,
An a n a l y s i s  sample was p r e p a r e d  by e v a p o r a t io n  o f  th e  
s o l v e n t  f rom  a f i l t e r e d  b en z e n e  s o l u t i o n .
The f i g u r e s  o b t a i n e d  (53)  c o r r e s p o n d e d  a p prox im ate ly  
to  a compound w ith  one d i a z o  group*
R e a c t i o n  i t h  a c e t y l  bromide ( c f  1 9 ) .
0 ,3 3 5  g .  o f  p yr id in iu m  c y c l o p e n t a d i e n y l i d e  was p la ced  
i n  a t h r o e - n e c k e d  f l a s k  f i t t e d  w i t h  a d ro p p in g  f u n n e l ,  
m er c u r y -s ca le d  s t i r r e r  and  a c o n d e n s e r  w ith  a c a lc iu m  
c h l o r i d e  t u b e , 5 0  c c s .  o f  sod ium -dried  b e n z e n e ,  and a
few d ro p s  of p y r i d i n e  were added , The s t i r r e r  was
s t a r t e d  and a s o l u t i o n  o f  0 .2  c c .  of  a c e t y l  b rom ide  i n  
s o d i u m - d r i e d  benzene was run i n  o v e r  a b o u t  h a l f  an  hour .
The s t i r r i n g  was c o n t i n u e d  f o r  one and a h a l f  h o u r s , and 
t h e  d a r k  brown d e p o s i t  w hich  had formed was f i l t e r e d  o f f ,  
and washed w i th  a l i t t l e  b e n z e n e .  The p r e c i p i t a t e  w hich  
had a p p e a r e d  g r a n u l a r ,  became a gum on r em o v a l  o f  the  
l a s t  t r a c e s  of  s o l v e n t ,
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T h is  cou ld  n o t  bo c r y s t a l l i s e d  by t r i t u r a t i o n  w i th  
m e th a n o l  or a c o to n c *  I t s  m e th a n o l ic  s o l u t i o n  was 
chromatographed on f i l t e r  c e l ,  b u t  th e  e l u a t e s  gave no 
s o l i d  p r o d u c t . ^ s  th e  product  appeared to  be h y g r o s c o p i c ,  
i t  was a l low ed  t o  stand over  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
o v e r n ig h t  i n  a vacuum d e s i c c a t o r .  A t r a c e  o n ly  o f  
c r y s t a l l i n e  m a t e r i a l  wo.s o b t a i n e d  i n  t h i s  way*
An ana lys is  sample (58 )  was p r e p a r e d  from t h i s  m a t e r i a l  
by w ash in g  w i th  m e t h a n o l ,  an d  dry in g  i n  vacuo  o v e r  
c o n c e n t r a t e d  s u l p h u r i c  a c i d ,
The p r o d u c t  d id  n o t  g iv e  an oxime o r  a d in t r o p h e n y l -  
h y d r a z o n e ÿ ev en  a f t e r  r e f l u x i n g  w i t h  the  r e a g e n t  f o r  
s e v e r a l  hours *
C o n d e n s a t io n  o f  o - n i t r o b o n z a l d e h y d e  w ith  Y - p i c o l i n i u m  and 
p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e s * ( c f  6 7 )#
0 .2 5  g.#. o f  ^  - p i c o l i n i u m  c y c lo p e n t a d i e n y l i d e  and a n
e q u a l  amount o f  o - n i t r o b e n z a ld e h y d e  were d i s s o l v e d  i n  
a l c o h o l ,  a few d ro p s  o f  p i p e r i d i n e  were a d d e d ,  and t h e  
m ix t u r e  was a l lo w e d  to  s t a n d .  A f t e r  a few h o u r s  a d a rk  
c o lo u re d  product  s e t t l e d  o u t  on th e  w a l l s  o f  t h e  f l a s k *  
A f t e r  s t a n d in g  o v er n ig h t  th e  b l a c k  d e p o s i t  was f i l t e r e d
o f f*  Y ie l d  0 . 5  g .
T h i s  m a t e r i a l  was d i f f i c u l t  t o  r o c r y s t a l l i s e ,  b u t  a n  
a n a l y s i s  sample was o b t a i n e d  by  d i l u t i o n  o f  a* p y r i d i n e  
s o l u t i o h  w i t h  w a te r#  I t  d id  n o t  m e l t  b e lo w  350^0*
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The p o s s i b l e  s i g n i f i c a n c e  o f  t h e  a n a l y s i s  ( l o )  i s  
d i s c u s s e d  i n  t h e  T h e o r e t i c a l  S e c t i o n #
A s i m i l a r  e x p e r i m e n t  was s e t  up u s i n g  p y r i d i n i u m  
c y c l o p e n t a d i e n y l i d e , b u t  o n ly  unchanged  s t a r t i n g  m a t e r i a l s  
were o b t a i n e d .  A t t e m p t s  to  r e p e a t  th e  f i r s t  r e a c t i o n  
were u n s u c c e s s f u l *
C o n d e n s a t io n  of  c y c l o hexanone  w i t h  p y r i d i n i u m  and 
Y-p i c o l i n i u m  c y c l o p e n t a d i e n y l i d e s ,
0 , l r0 < ,2  g ,  o f  c l e a n  sodium was d i s s o l v e d  i n  30 ccs*  
o f  m e t h a n o l ,  and t o  t h e  c o o le d  s o l u t i o n  was added 0*5 c c ,  
of  p u r i f i e d  c y c lo h ex an o n e  ( see be low )  and a s u s p e n s i o n  o f  
0 ,5 3  g, o f  p y r i d i n i u m  c y c l o p e n t a d i e n y l i d e  i n  20 ccs*  o f  
m e th an o l*  The m i x t u r e  was a l lo w e d  t o  s t a n d  w i th  
o c c a s i o n a l  s h a k in g  f o r  a b o u t  t w e n t y - f o u r  h o u r s .  The 
c o l o u r  o f  th e  s o l u t i o n  had n o t  c h a n g e d , and on d i l u t i n g  
w i th  w a te r  and e x t r a c t i n g  w i t h  c h l o r o f o r m  m ost  o f  t h e  
y l i d e  was r e c o v e r e d  u n c h a n g e d ,
A s i m i l a r  r e a c t i o n  was s e t  up u s i n g  0*6 c c ,  o f  
c y c l o hexanone  and 0 ,6 4  g* o f  g ^ -p ico l in iu m  
c y e l o p e n t a d i e n y l i d e  » As i n  th e  l a s t  e x p e r i m e n t  t h e r e
was no r e a c t i o n , even  a f t e r  r e f l u x i n g  f o r  f o u r  h o u r s .  
P u r i f i c a t i o n  of  c y c l o hexanone  *
40 g * o f  sodium b i s u l p h i t e  were d i s s o l v e d  i n  
a p p r o x i m a t e l y  70 c c s ,  o f  w a te r  ( t o  g iv e  a s a t u r a t e d  s o l u t i o n )  
To t h i s  s o l u t i o n  was added ^0% o f  i t s  volume o f  m e t h y l a t e d  
s p i r i t s ,  and th e n  j u s t  enough w a t e r  t o  g iv e  a c l e a r  s o l u t i o n ,
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20 CCS, o f  t e c h n i r a l  c y c l o h exanone  were p o u red  i n  w i t h  
s t i r r i n g , and the  m i x t u r e  a l lo w e d  to  s ta n d  w i t h  o c c a s i o n a l  
a g i t a t i o n  f o r  h a l f  an hou r  « The w h i t e  c r y s t a l l i n e  
p r e c i p i t a t e  was f i l t e r e d  o f f ,  t r a n s f e r r e d  t o  a s e p a r a t i n g  
f u n n e l ,  and decomposed w i th  80 c c s ,  o f  d i l u t e  sodium 
h y d r o x id e  s o l u t i o n ^  The c y c l o h exanone l a y e r  was 
s e p a r a t e d .  The aq u e o u s  l a y e r  was s a t u r a t e d  w i t h  s a l t  
and e x t r a c t e d  w i t h  3 0 -4 0  c c s , o f  e t h e r .  The combined 
o r g a n i c  l a y e r s  were  d r i e d  o v e r n i g h t  o ve r  a n h y d ro u s  sodium 
s u l p h a t e .  The e t h e r  was removed and t h e  r e s i d u e  d i s t i l l e d ©  
The f r a c t i o n ,  b , p , 152*^-156^0, was c o l l e c t e d .  Y i e l d  6 , 6  g .  
D e r i v a t i v e s  of  p y r i d i n i u m  t e t r a n h e n y l c y c 1op e n t a d i e n y l i d e , 
P i c r a t e s  ©
On t r e a t m e n t  o f  a h o t  a l c o h o l i c  s o l u t i o n  o f  e i t h e r  t h e  
y l i d e ,  o r  b r o m i d e , w i t h  a s a t u r a t e d  a l c o h o l i c  p i c r i c  a c i d  
s o l u t i o n ,  a y e l lo w  c r y s t a l l i n e  p i c r a t e  was o b t a i n e d .  These  
p ro v e d  t o  be i d e n t i c a l ,  and co u ld  be r e c r y s t a l l i s e d  f rom  
h o t  e t h a n o l ,  m .p .  226*^-228^0, ( A n a l y s e s : -  from y l i d e  29? 
from b ro m id e  2 8 ) ,
The a n a l y s e s  i n d i c a t e d  t h a t  th e  p i c r a t e  had c r y s t a l l i s e d  
w i th  one m o le c u l e  o f  a lco h o l©
A p i c r a t e  was a l s o  o b t a i n e d  by  t r e a t m e n t  o f  a h o t  
ben zen e  s o l u t i o n  o f  t h e  y l i d e  w i t h  a s o l u t i o n  o f  p i c r i c  
a c i d  i n  benzene  » m,p© 178*^-182^0, ( A n a l y s i s  ( s a m p le  
r e c r y s t a l l i s e d  from b e n z e n e ) ,  3 2 ) ,
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The o r i g i n a l  p i c r a t e ,  w i th  one m o le c u le  of  a l c o h o l ,  was 
o b t a in e d  f rom  th e  p i c r a t e  p r e p a r e d  i n  b en z e n e  by 
r e c r y a t a l l i s i n g  i t  from e t h a n o l ,  m*p, 226*^0. ( A n a l y s i s  33)© 
R e c r y s t a ]  11 s a t  io n  from a c e t o n e  gave a p r o d u c t ,  m,p# 1 7 5 *^0 * 
A n a l y s i s  (34 )  g i v e s  an  i n d i c a t i o n  t h a t  one m o l e c u l e  o f  
a c e to n e  of c r y s t a l l i s a t i o n  i s  p r e s e n t .
T r i n i t r o b o n z e n e  a d d u c t ©
A l i t t l e  p y r i d i n i u m  t e t r a p h e n y l c y c lo p e n t a d i e n y l l d e  
was d i s s o l v e d  i n  b e n z e n e  and a s o l u t i o n  of  an  e q u a l  amount 
o f  t r i n i t r o b o n z e n e  i n  benzene  s o l u t i o n  was a d d e d . No 
c o l o u r  change  was o b s e rv e d  on s t a n d i n g ,  o r  on w arming i n  
a w a t e r  bath©
A f t e r  s t a n d i n g  o v e r n i g h t ,  some c o l o u r l e s s ,  t a b l e t  
shaped  c r y s t a l s  a p p e a r e d ,  m.p© 1 1 3 ^ -1 1 7 ^6 ,  w h ic h  p roved  
t o  be t r i n i t r o b o n z e n e , (mixed rn,p* 117^-1 1 9 ^0 )  «
M e t h i o d i d e «
0 . 1  g ,  o f  p y r i d i n i u m  t e t r a p h e n y l c y c l o p o n t a d i e n y l i d e  
was shaken w i t h  a l i t t l e  m e t h y l  i o d i d e  i n  e t h e r .  A l though  
s h a k in g  was c o n t i n u e d  f o r  16 -18  h o u r s ,  no change  was 
o b s e r v e d .
D i e l s  A ld e r  a d d u c t .
0 .4  g. of  p y r i d i n i u m  to  t r a p h e n y l cyC lope n t a d l e n y l i d e  
was shaken  w i th  0 . 1  g© of  m a l e i c  a n h y d r i d e  i n  b e n z e n e .
The b l u e  c o l o u r  o f  t h e  y l i d o  g r a d u a l l y  gave way t o  r e d  and 
a y e l lo w  m a t e r i a l  was d e p o s i t e d  on th e  w a l l s  o f  t h e  f l a s k ,  
th e  change a p p a r e n t l y  b e i n g  co m p le ted  i n  h a l f  a n  h o u r .  No
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f u r t h e r  change was o b s e rv e d  a f t e r  s t a n d i n g  o v e r n i g h t .
The p r e c i p i t a t e  was s c r a p e d  c u t .  Y ie l d  0 .2 5  g*
The c rude  m a t e r i a l  from th e  r e a c t i o n  was to o  s t i c k y  
t o  d e t e r m in e  i t s  m e l t i n g  p o i n t .  A f t e r  two r e c r y s t a l l i ­
s a t i o n s  from a l c o h o l ,  the  m e l t i n g  p o i n t  was 189°-192*^G. 
A n a ly s e s  ( 2 7 , 3 l ) ?  do n o t  correspond to  any  s im p le  a d d u c t .  
A dducts  w i t h  c h l o r a n i l  and b e n z o q u i n o n e .
F i l t e r e d  b e n z e n e  s o l u t i o n s  o f  c h l o r a n i l  and b en z o q u in o n e  
were a l lo w ed  t o  s t a n d  w i t h  f i l t e r e d  benzene s o l u t i o n s  o f  
p y r i d i n i u m  t e t r a p h e n y l c y c l o p e n t a d i e n y l i d e . No c o l o u r  
change was o b s e rv e d  i n  e i t h e r  c a s e  n o r  was t h e r e  any 
i n d i c a t i o n  of  any s o l i d  d e p o s i t . The v e ry  i n t e n s e  b lu e  
c o l o u r  o f  t h e  y l i d e  s o l u t i o n  made i t  d i f f i c u l t  t o  f o l l o w  
any  r e a c t i o n ,  b u t  i t  was p o s s i b l e  t o  s a y  q u i t e  c o n f i d e n t l y  
t h a t  t h e r e  was no e v i d e n c e  of  complex f o rm a t io n #
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APPENDIX I .
I NTRODUCTION AND THEORETICAL.
The a p p l i c a t i o n  o f  p in a c o n o  r e d u c t i o n  t o  th e  
p r e p a r a t i o n  of f i v e - ,  s i x -  and seven-membered r i n g s  from 
th e  a p p r o p r i a t e  d ik e  t o n e s  h a s  been  known f o r  many y e a r s .
( 1 ,  2 , 3 ) .
Tore r e c e n t l y  t h e  a c y l o i n  c o n d e n s a t i o n  h a s  b een  u s e d  
as  a means o f  p r e p a r i n g  many membered c a rb o n  r i n g s  ( 4 , 5 )# 
T h i s  method i n v o l v e s  t h e  t r e a t m e n t  o f  a d i c a r b o x y l i c  e s t e r  
w i th  sodium i n  b o i l i n g  x y l e n e ,  and a mechanism f o r  th e  
r e a c t i o n  on the- s u r f a c e  o f  t h e  m e ta l  h a s  been  s u g g e s te d  ( 4 ) :
GOOEt C-ONa/  Na / ,
( c n p ^    ^ ( G H O j
'^COOEt ^C -O N a
O-OH 0=0a c i d  /  . /
( G H J ^  T -  (CHgC2 'n  \ O-OH OHOH
P in a c o n o  r e d u c t i o n  r e s e m b l e s  t h i s  r e a c t i o n  i n  t h a t  
bo th  t a k e  p l a c e  on th e  s u r f a c e  of the  m e t a l ,  and t h u s  i t  was 
t h o u g h t  p o s s i b l e  t h a t ,  i f  a p p l i e d  to  a l o n g  c h a i n  d i k e t o n e , 
r i n g  c l o s u r e  m ig h t  t a k e  p l a c e  t o  g iv e  a l a r g e  r i n g  compound.
1 : 1 7 - d i b e n z o y l h e p t a d e c a n c  was s e l s c t o d  a s  a c o n v e n i e n t  
d i k e t o n e , which m ig h t  be p r e p a r e d  from th e  a c i d  c h l o r i d e  o f  
1 : 1 7 - h o p t a d e c a n e d i c a r b o x y l i c  a c i d  ( l )  by a F r i e d e l - C r a f t s  
r e a c t i o n  w i th  b e n z e n e .
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Til.: d i a c i d  vjas p r e p a r e d  from s o b a c i c  a c i d  ( l l )  a s  
s t a r t i n g  m a t e r i a l , by th e  f o l l o w i n g  r e a c t i o n  s c h e m e ; -
COOE
(CHz)^
COOH
I I
EtOH, HGl GOOEt
(OH^)i n  p r e s e n c e  o f  d i e t h y l  s e b a c a t e  COOH
2 /8
GOOEt80G1 2
GOGl
IV
Et^H i n  H  Xe t h e r
I I I
GOOEtI
(GHgly
GH
8 - 0  I ( GH- GO
(GH^)^
GOOEt
h y d r o l y s i s
GOOH
( c n p s
0=0
I
(G H P s
COOE
V
V / o11 f -K  i s h n e r  
r e d u c t i o n
GOOH
(^^2^17
GOOH
I
The f i r s t  s t a g e  gave m ost  t r o u b l e ,  and t h e  y i e l d s  
r e p o r t e d  in  th e  l i t e r a t u r e  ( 6 ) were n e v e r  a p p r o a c h e d .  The 
u s e  o f  th e  V /o l f f - K is h n e r  r e d u c t i o n  i n  th e  f i n a l  s t a g e ,  
i n s t e a d  of  t h e  more u s u a l  Clemmensen m ethod ,  c u t  down 
r e a c t i o n  t im e  c o n s i d e r a b l y ,  b u t  t h e  e t h y l e n e  g l y c o l  in v o lv e d  
made s e p a r a t i o n  o f  t h e  p r o d u c t  by f i l t r a t i o n  v e r y  s lo w .
The f i r s t  a t t e m p t s  a t  th e  p r e p a r a t i o n  of  
1 : 1 7 - d i b e n z o y l h c p t a d e c a n e  were  u n s u c c e s s f u l .  At t h i s
-179-
t im e p r o m i s i n g  r e s u l t s  wore o b t a i n e d  from the  o t h e r  t o p i c ,
i . e .  i n  the i n v e s t i g a t i o n s  o f  t h e  f o r m a t i o n  o f  
cy c l o p e n t a d l e n y l i d e s o  and a t t e n t i o n  was t h e r e f o r e  
c o n c e n t r a t e d  on i t .
-180.
EXPERIMENTAL.
L i e t h y l  S e b a c a t e c
130  go ( 0 ,6 3  m o l e s . )  o f  s e b a c l c  a c l d , 313 ces* o f  
e th a n o l  and 23 c e s 0 o f  c o n c e n tr a te d  s u l p h u r i c  a c i d  were 
r e f l u x o d  t o g e t h e r  f o r  a b o u t  13 hou rs*  The r e a c t i o n  m i x t u r e  
was d i l u t e d  w i th  a p p ro x im a te ly  300  c c s . o f  w a t e r ,  th e  e s t e r  
l a y e r  s e p a r a t e d ,  and th e  a q u e o u s  l a y e r  e x t r a c t e d  w i t h  o t h e r *  
The e s t e r  and e t h e r  l a y e r s  were com bined ,  washed w i th  w a t e r ,  
sodium c a r b o n a t e , and t h e n  water  a g a i n ,  and f i n a l l y  dried  
over  sodium s u l p h a t e . The o t h e r  was removed and th e  r e s i d u e
d i s t i l l e d  u n d e r  reduced p r e s s u r e ,  the  f r a c t i o n ,  b . p ,
1 3 6 *^-1 3 8*^0/ 6  mm09 b e i n g  c o l l e c t e d .  The f o r e  and a f t e r  r u n s  
were r e d i s t i l l e d  * Y i e l d  1 0 0 .3  g* ( 6 6 *8% ).
A r e p e a t  e x p e r im e n t  was c a r r i e d  ou t  u s i n g  130 g* o f
s o b a c ic  a c i d , Y i e l d  I 37  g .  (&2»k9)*
V) th y l  hyaroRen . s e b a c a te.. ( i l l )  ( 6 ) .
202 g ,  ( I  m ole)  o f  a e b a c ic  a c i d ,  I 50  g .  o f  d i e t h y l  
s e b a c a t e ,  30  c c s ,  o f  r e d i s t i l l e d  n - b u t y l  e t h e r  and 23 c c s  * 
o f  c o n c e n t r a t e d  h y d r o c h lo r i c  a c i d  ( S . g .  1 .1 9 )  wore p l a c e d  
i n  a m o d i f i e d  O l a i s e n  f l a s k  f i t t e d  w i t h  a r e f l u x  condenser  
and h e a t e d  t o g e t h e r  a t  160^-170°G on an o i l  b a t h . The b a t h  
t e m p e r a t u r e  was then lo w e re d  to  1 2 0 ^ - 130*^0 and 60 c c s .
( l  m o le )  o f  93^  e t h y l  a l c o h o l  was added , and t h e  m i x t u r e  was 
r e f lu x o d  fo r  two h o u r s . The bath was a g a in  c o o l e d ,  t o  
7 5 ^ 0 , and the r e a c t i o n  m ixture  d i s t i l l e d  under reduced  
p r e s s u r e ,  g r e a t  care b e in g  taken t o  av o id  f r o t h i n g .  The
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t e m p e r a tu r o  was i n c r e a s e d  s lo w ly  and a f t e r  w a t e r ,  e t h e r  
and a l c o h o l  had come o v e r ,  t h e  d i s t i l l a t i o n  was c o n t i n u e d  
a t  a lo w er  p r e s s u r e ,  u s i n g  an o i l  pump* D i e t h y l  s e b a c a t e  
d i s t i l l e d  a t  1 5 6 ^ -1 3 8 ° C / 6 mm, The f r a c t i o n ,  b * p .
1 7 3 ° -1 9 3 ° G , was c o l l e c t e d  and r e f r a c t i o n a t e d . The e t h y l  
h y d ro g e n  s e b a c a t e  so  o b t a i n e d  m e l te d  b e tw een  3 2 °  and 3 8 °G*
The e x p e r i m e n t  was r e p e a t e d  w i th  th e  f o l l o w i n g  y i e l d s : -
( 1 ) 3h g .  ( 1 5 . 85?)
( 2 ) 6 9 .5  g .  {3 0 . 2t )
( 3 ) 3 0  g .  ( I 2 . 9 ? e
(U) kk g .  ( 1 8 . 9 ^ )
(5 )  35 g .  ( 1 5 . oK)
The f r a c t i o n a l  d i s t i l l r t i o n  was v e r y  d i f f i c u l t  t o  
c a r r y  o u t . To o b t a i n  a r e a s o n a b l e  s e p a r a t i o n  a l o n g  w e l l  
i n s u l a t e d  column was r e q u i r e d ,  and t h i s  t o o k  a l o n g  t im e to  
h e a t  u p ,  and i n v o lv e d  v i g o r o u s  h e a t i n g »  S p l a s h i n g  o f t e n  
s e t  i n  and n e c e s s i t a t e d  r e t u r n i n g  p r o d u c t s  t o  th e  d i s t i l l a t i o n  
f l a s k *
The most s u c c e s s f u l  o f  th e  v a r i o u s  co lum ns u se d  was 
one i n  w h ich  th e  a s c e n d i n g  v a p o u r s  p a s s e d  round  an  i n n e r  
tu b e  c o n t a i n i n g  a l i q u i d  i n t e r m e d i a t e  i n  b o i l i n g  p o i n t  
b e tw e e n  th e  two s u b s t a n c e s  t o  b e  s e p a r a t e d *  The l i q u i d s  u 
used  were  o - d i c h l o r o b e n z e n e  (b*p* 1 7 9 °C) and e t h y l e n e  g l y c o l  
( b . p .  197°G ).
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M o n o -e th y l  s e b a c y l  m o n o -a c id  c h l o r i d e * ( I V ) ( 7 )*
E t h y l  h y d ro g e n  s e b a c a t e  was r e f l u x e d  w i t h  e x c e s s  
t h i o n y l  c h l o r i d e  f o r  3 - 4  h o u r s  a t  4 0 °C on a s te a m  b a th *
Thu e x c e s s  t h i o n y l  c h l o r i d e  was t h e n  d i s t i l l e d  o f f  and th e  
r e s i d u e  u sed  i n  t h e  n e x t  s t a g e „
The t h i o n y l  c h l o r i d e  used  had been  p u r i f i e d  by  
f r a c t i o n a t i o n  from r e d i s t i l l e d  q u i n o l i n e ,  and th e n  from 
b o i l e d  l i n s e e d  o i l *
9 - K e t o - h e p t a d e c a n e - 1 : 1 7 - d i c a r b o x y l i c  a c i d  *( V ) ( 8) *
The a c id  c h l o r i d e  f rom 30  g ,  o f  t h e  h a l f  e s t e r  was 
added r a p i d l y  w i th  s t i r r i n g  t o  a co ld  s o l u t i o n  o f  24  g ,  o f  
t r i e t h y l a m i n e  i n  200 ccs* o f  dry e t h e r  u n d e r  an a tm o s p h e re  
o f  n i t r o g e n *  S t i r r i n g  was c o n t in u e d  f o r  24 h o u r s  a t  room 
t e m p e r a t u r e ,  a s t e a d y  s t r e a m  of n i t r o g e n  b e i n g  p a s s e d  t h ro u g h  
a l l  t h e  t i m e .
37 CCS. o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  were mixed 
w i th  4 9  CCS. of  g l a c i a l  a c e t i c  a c i d ,  4 -3  c c s . o f  t h i s  
m i x t u r e  were th e n  added w i th  s t i r r i n g  t o  t h e  above r e a c t i o n  
m i x t u r e ,  f o l l o w e d  by 30 c c s .  o f  w a t e r . The e t h e r  l a y e r  
was s e p a r a t e d ,  and th e  aqueous  l a y e r  e x t r a c t e d  w i th  e t h e r  
( 4  X 13  C C S , )
The combined e th^ . r  s o l u t i o n s  were added t o  t h e  
r e m a in d e r  o f  t h e  above m ix t u r e  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  
and g l a c i a l  a c e t i c  a c i d s ,  t h e  e t h e r  d i s t i l l e d  o f f  and th e  
r e s i d u e  r e f l u x o d  f o r  s i x  h o u r s .  T h is  r e s i d u e  was 
e v a p o r a t e d  on t h e  s team  b a t h , and 230  c c s .  o f  c o n c e n t r a t e d
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h y d r o c h l o r i c  a c i d  and 20 c c s .  o f  g l a c i a l  a c e t i c  a c i d  added  
t o  t h e  n o n - v o l a t i l e  r e s i d u e ,  and t h e  w hole  e v a p o r a t e d  a g a i n  
on t h e  s t e a m  b a t h  * 20 c c s  * o f  w a t e r  w ere  added and
e v a p o r a t e d *  A f u r t h e r  20  c c s , o f  w a t e r  w ere  added and t h e  
mixture heated  on a s te a m  b ath  f o r  12 h o u r s .
I t  was t h e n  e x t r a c t e d  w i t h  a p p r o x i m a t e l y  80 c c s .  of  
c h l o r o f o r m  and t h e  a c i d  p r e c i p i t a t e d  w i t h  petro leum  e t h e r o  
The f i r s t  f r a c t i o n  was c o l l e c t e d  on a f i l t e r ,  t h e  f i l t r a t e  
e v a p o r a t e d  down and a s e c o n d  c r o p  obta ined*  The a c i d  was  
d r i e d  i n  a vacuum d e s i c c a t o r  * The m .p .  o f  th e  c ru d e  
Ic e - io -a c id  ’,vas 1 0 0 ° - 1 0 1 ° C .  Y i e l d  23 g .  ( 5 7 . 8 ^  ) .
Two o th er  r u n s  w ere  c a r r i e d  o u t .  The f i r s t ,  u s i n g
30 g .  o f  h a l f  e s t e r ,  was  l o s t ;  the  s e c o n d ,  u s i n g  83 g .  
o f  t h e  h a l f  e s t e r ,  wave 63 *3 g« o f  c r u d e  k e t o - a c i d , ( 3 6 , 4^)*  
'^ o l f  f - h i s hnjcr_rGduc_tion o f  t h e  k o to - a c id  , ( 9)
10 g .  o f  t h e  c ru d e  k o t o - a c i d , 3*4 c c s v  o f  100^  
h y d ra z in e  h y d r a t e , 0^6 g .  o f  w a t e r  and 45 c e s .  o f  d i e t h y l o n e  
g l y c o l ,  were  p l a c e d  i n  a f l a s k  w i t h  a th e rm o m e ter  p o c k e t  
and re f lu x ed  over a s m a l l  B u n sen  f la m e  f o r  i j -  h o u r s .  The 
c o n d e n s e r  was t h e n  removed and e x c e s s  h y d r a z i n e  hydrate  and  
w a t e r  e v a p o r a t e d  u n t i l  t h e  temperature r e a c h e d  a p p r o x i m a t e l y  
2 0 0 ° 0 ,  The condenser was t h e n  r e p l a c e d  and r e f  T a x in g  was  
c o n t i n u e d  a t  1 9 3 ° - 2 0 3 ° G  f o r  f o u r  h o u r s ,
The c o o l e d  s o l u t i o n  was d i l u t e d  w i t h  a b o u t  43 c c s ,  o f
w a t e r  and poure^" i n t o  a p p r o x i m a t e l y  6N h y d r o c h l o r i c  a c i d ,
w i t h  s t i r r i n g „ The s o l u t i o n  w as  f i l t e r e d  w i t h  d i f f i c u l t y ,
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and t h e n  washed w i t h  w a t e r  and d r i e d  i n  a vacuum 
d e s i c c a t o r *  The p r o d u c t  was s t i c k y ,  and i t s  w e i g h t  
i n d i c a t e d  more t h a n  a 100^- y i e l d ,  m.p* 9 9 ° - 1 0 1 ° C .
S u b s e q u e n t  r e c r y s t a l l i s a t i o n  from b e n z e n e  and e t h y l  a c e t a t e  
g a v e  a l i g h t  b u f f  p o w d e r ,  m . p .  1 1 0 ° - 1 2 0 ° C ,  Y i e l d  5 g .  ( 5 0 . 9 ^ ) *  
There  was q u i t e  a l a r g e  l o s s  o f  m a t e r i a l  i n  t h e  
r e c r y s t a l l i s a t i o n  from e t h y l  a c e t a t e .
A second run was c a r r ie d  o u t  u s in g  66 .3  g .  o f  
c ru d e  k e t o - a c i d . Y ie ld  35 £• ( 3 4 ^ ) «
K e c r y s t a l l i s a t i o n  from a l c o h o l  g a v e  a p r o d u c t ,  m . p .  1 17°G .  
A n a l y s i s  ( 1 4 ) was s a t i s f a c t o r y  f o r  1 : 1 7 - h e p ta d e c a n e -  
d i c a r b o x y l i c  a c i d .
At t e m p t e d  p r e p a r a t i o n  o f  1 ; 1 7 - d i b e n z o v l h e n t a d e c a n e .
( l )  2 g .  o f  1 : 1 7 - h e p t a d e c a n e d i c a r b o x y l i c  ac id  were warmed
w i th  2 ,3  CCS. o f  t h i o n y l  c h l o r i d e  on a w ater  b a t h  a t  
4 0 ° - 6 0 ° C , f o r  two h o u r s .  A f t e r  a l l o w i n g  t o  s t a n d  o v e r n i g h t ,  
t h e  m ixture  was h e a t e d  f o r  a f u r t h e r  two h o u r s  at  4 0 ° - 6 0 ° C ,
The e x c e s s  t h i o n y l  c h l o r i d e  was d i s t i l l e d  o f f  under  
r e d u c e d  p r e s s u r e  , on t h e  w a t e r  b a t h .  The dark brown  
r e s i d u e  was u s e d  i n  t h e  n e x t  s t a g e  w ithout  f u r t h e r  t r e a t m e n t .
T h i s  ac id  c h l o r i d e  and 1 0 0  c c s . o f  sod ium -dried  
b e n z e n e  were p l a c e d  i n  a f l a s k  f i t t e d  w i t h  a c a l c i u m  
c h l o r i d e  tube and c d r o p p i n g  f u n n e l .  Fuming s t a n n i c  1 
c h l o r i d e  was run i n  d r o p w is e  t o  t h e  s t i r r e d  m i x t u r e ,  t h e  
f l a s k  b e i n g  coo led  i n  an i c e  b a t h .  At t h e  end o f  t h e  
a d d i t i o n ,  w h ic h  took  a b o u t  h a l f  an h o u r , t h e  c o o l i n g  b a t h
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¥/as removed and t h e  s t i r r i n g  c o n t i n u e d  f o r  a n  h o u r ,  when  
a m i x t u r e  o f  1 c c ,  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and 
4 CCS* o f  water was a d d e d .
The r e s u l t a n t  m i x t u r e  was warmed on t h e  w a t e r  b a t h ,  
w h e r e a t  m o st  o f  t h e  p r e c i p i t a t e d  m a t e r i a l  d i s s o l v e d  i n  th e  
b e n z e n e .  A s m a l l  amount o f  t a r r y  m a t e r i a l  r e m a in e d  a d h e r i n g  
t o  t h e  w a l l s  o f  t h e  f l a s k .  The b e n z e n e  la y e r  was s e p a r a t e d , 
w ashed  w ith  s o d iu m  c a r b o n a t e  s o l u t i o n ,  then w i t h  w a t e r ,  d r ie d  
o v e r  calcium c h l o r i d e , and t h e  s o l v e n t  removed* T here  was  
no r e s i d u e *
The sod ium  c a r b o n a t e  e x t r a c t  was a c i d i f i e d ,  and t h e  
u n r e a c t e d  d i c a r b o x y l i c  a c id  r e c o v e r e d  i n  t h i s  way,
( 2 ) S i m i l a r  e x p e r i m e n t s  were  c a r r i e d  o u t  u s i n g  a lu m in iu m  
c h l o r i d e  a s  t h e  c c a t a l y s t *
4*5  g# o f  a lu m in iu m  c h lo r id e  wore s u s p e n d e d  i n  23 ccs#  
o f  dry b e n z e n e  i n  a t h r e e - n e c k e d  f l a s k  f i t t e d  w i t h  a mercury  
s e a l e d  s t i r r e r ,  a dropping tub e  and a c o n d e n s e r  guard ed  by  
a c a l c i u m  c h l o r i d e  t u b e .  The a c i d  c h l o r i d e  from  4 $ 3  g# o f  
t h e  d i - a c i d ,  i n  dry b e n z e n e ,  was run i n t o  t h e  s t i r r e d  
s u s p e n s i o n  o v er  h a l f  an h ou r  and th e  s t i r r i n g  con t inu ed  f o r  
a f u r t h e r  t h r e e  h o u r s ,
The r e a c t i o n  m i x t u r e  was worked up a s  b e f o r e .  The 
o r g a n i c  l a y e r  g a v e  a v e r y  s m a l l  q u a n t i t y  o f  a n o n - c r y s t a l l i n e  
m a t e r i a l ,  which d id  n o t  g i v e  a p o s i t i v e  r e a c t i o n  w i t h  B r a d y ^ s  
reagent*  On a c i d i f i c a t i o n  o f  t h e  sodium c a r b o n a t e  e x t r a c t ,
3 g .  o f  u n r e a c t e d  a c i d  were  r e c o v e r e d #
—1 8 6 —
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APPENDIX II.
A n a l y s e s »
As h a s  bee n  m e n t io n e d  e a r l i e r ,  t h r o u g h o u t  t h i s  work 
d i f f i c u l t y  was e n c o u n t e r e d  i n  o b t a i n i n g  s a t i s f a c t o r y  
a n a l y s i s  r e s u l t s *
P our  m a in  f a c t o r s  m i g h t  be r e s p o n s i b l e  f o r  t h i s ,  
n a m e ly ; -
( i )  I n s u f f i c i e n t '  p u r i t y  o f  th e  a n a l y s i s  samples»
( i i )  R e t e n t i o n  o f  s o l v e n t ,  o r  a b s o r p t i o n  o f  a t m o s p h e r i c  
m o i s t u r e  «
( i i i )  D e c o m p o s i t io n  ( i n  p a r t i c u l a r  a t m o s p h e r i c  o x i d a t i o n )  
o f  th e  s e n s i t i v e  compounds i n  t h e  t im e l a g  b e tw e e n  
p r e p a r a t io n  and a n a l y s i s *
( i v )  A f u n d a m e n ta l  d i f f i c u l t y  i n  a c h i e v i n g  c o m b u s t io n  
o f  t h e s e  m a t e r i a l s .
The b u l k  o f  t h e  a n a l y s e s  were c a r r i e d  o u t  by 
D r s ,  Wei1 e r  and S t r a u s s  a t  O x fo r d , b u t  some (N o s» 18 ,  19 ,  
20 ,  21) by Mr. P.R,W, B a k e r ,  a t  th e  Wellcome R e s e a rc h  
L a b o r a t o r i e s  a t  Beckenham. In  h i s  work on th e  a n a l y s i s  
o f  y l i d e s  and i n t e r m e d i a t e s  d e r i v e d  from
t c t r a p h e n y l c y c l p p e n t a d i e n e , he ob ta in ed  r e s u l t s  c l o s e r  to  
t h e  e x p e c te d  v a l u e s  th a n  had Wei1 e r  and S t r a u s s .  A ls o  by  
d i n t  o f  p ro lo n g e d  d r y i n g  i n  vacuo  b e f o r e  a n a l y s i s  he was 
a b l e  to  improve f u r t h e r  on h i s  f i r s t  f i g u r e s *  I n  
Mr. Baker* s o p i n i o n  th e  l a s t  o f  th e  above f a c t o r s  ( i v )  may 
be d i s c o u n t e d  ; he c o n s i d e r s  t h a t  numbers ( i i )  and ( i i i )
- 1 8 8 -
a r e  most  l i k e l y  to  be th e  so u rc e  o f  e r r o r .
Ram iros  ( 8 l ) , i n  work on t h e  a n a lo g o u s  t r i p h e n y l  
phosphonium cy d o p e n t a d i e n y l l d e s  ( 4 8 ) ,  a c h i e v e d  s a t i s ­
f a c t o r y  a n a l y s i s  r e s u l t s  o n ly  by a r r a n g i n g  f o r  im m edia te  
a n a l y s i s  o f  h i s  p r o d u c t s ,  and i n  such a manner a s  to  
e x c lu d e  m o i s t u r e  i n  th e  t r a n s f e r .
The s e n s i t i v i t y  o f  many o f  th e  compounds i n  s o l u t i o n  
made i t  i m p o s s i b l e  t o  r e c r y s t a l l i s e  them many t i m e s ,  a s  
t h i s  would have l e d  t o  a decomposed r a t h e r  t h a n  a p u r i f i e d  
p r o d u c t *  I n  any c a s e  th e  y l i d e s ,  and i n t e r m e d i a t e s ,  were 
n orm ally  formed i n  good y i e l d ,  and so were u n l i k e l y  t o  have 
b e e n  c o n ta m in a te d  by la r g e  amounts o f  s i d e - p r o d u c t s  o r  
s t a r t i n g  m a t e r i a l s  *
.189"
fu
g
no
0I
S
^  ; • !
i
CM : c o  *  ■H  C M  i O  A  ; s
h -o  A  #  •0 0  0 3A  A
A
A
A  A
j r : :M O  M û  i
h - C M  r r \  ^  •  *  •! h ' C Q  0 0 •  ;^  j C M  1
5 *O R :  •  1O  : • •M O  ■ 1
A  A  M O  0 0  •  •M O  M O ' s P  ;- f i ' j1
C M  M O  H  •  ♦  •A  A M D  H  H  H
! c o  o  0 0  C h  t r j  •  *  *’ M O  M û  A
!
0 0
A  ;
C M  } 0 0  ;A 1 A- f i - M O  .O  'H  !_ _ _ _ _ l _ : M O  1A i
...
A
g p :  •  •- f i * - f i -
-> A  A  *- f i -
¥  *  1CM H  A C O  0 0  O  OC M  A  A
^ ^ A A O  • O  •  *  *  , i . . . f 1 . . . . . • H  j C M  1*  i AA » M û- f i - AA - f i  :C M  i H  H  H  - f i  C M' A  C M  c o  , h - O O  h ~ 3  i M O  ! A  I h 'M O A  !i. .  '
P C M  . - f i -  •■
1
oA C M  H  X f - f i * 3 A  t C M  1 0 0  o O  C O  - f i _ f i - f i
1
« ï !A  1j .
. . . . . . . !i
!
. . . . . . . .  11H  h -  io  A  :
. . . . . ' | 1
M OM Oi
Hh -#AA
C M  ; c o  ; #  •c o  ' A
' ] . . . . . . '
- , . j . y , .
l
v iV û  1 A i
‘ ! O «r - -H
h ^  * A  i *
, ,  . ^ j
5
5
ACM• ACM*M O 5  : •A
•M OH
i  -
1
^  1 A  ;
A  i A  »- f i "  j •A  .
î1t
M OCM$A
a !
^  1.
AC M•A... !
M O
A
^  : 
C M  , a 4C M
1 : (Ts
C O1 »
1
O  !
- R -  : A  .
,  :C hM O
h ~M OM O
M Û  1 C M i
s i
•r -h '
2 1
. A
M O•
A
s
M O
r -A
2
s i
R  i
C MM O«h-- f i
i i '  -  ■■ ' " • . . . . .  ■
H CQ+3 0 m 'O g- R 0
H  P t R m PjOfo oH iH R Ü
O p Otg [Q o w H 0  cgl>5 N  f~i pq ü P  O
I
i - S  C Mr- . R RO J  •H PQ 
•'O CM
R Hf fi H
g %!"H H ' fi H  P O  H O
fi
i l
H 1 O H
« o |H î fi H O  j P  O
:
' cô CM
i * H  CMIP O
CM KMjTi cr> Hin CMlA unlA i L A ; 00; A i d lA f rAMD MO l otxt MO A h '  AU) MO
• 1 9 0
. ^Pi •pq C^M
LH«
■ € >
00
•Hft3
Pi ^ Ü) O I Ph o
191
u13
Ipq !xj
O
Ml
-=t CM c o  VJD
P M l MOh~ 00 M• î * *m  : MO MO
ui !rH P  O« • o
O  • !—1 1—1U1 00 00
CMCM en* •M ' PrH , H
CMn- LCl p CM CMp • LAUl ,• Lfl Ml p • # ' #MO rH rH rH MO n- • CM
Ml rH Tr-co i 00 pLCl CM iH O r - r -  ; CM Ml« « # * « ! « «p- Ml un Ml MO MO iL m u iCM OO Ml . en ' MlcoL(1 P  i o 00 Ml un i p e n• « • * • ♦ * #MO en ■ 00 O ■ H p  ( M l rHMO ; P  ; p lA r - r -  i
tD
•H
uro  .
A ' 0 •Pq-:a
o  Ml • •LCl UCl
Ml M"! -d"CC
p#
«rog.'d.Pa0Ph
P
PQ -
{ri ,
O ;
«
00
m
CM
*Oin
iLio  j
; *H 0 ^  ! I -P -P CM , i Ü cd CM î I p Pi : ! o  o MD ; • 0  *H H :; P4 pH o 1
en
00
O
».r -
a
Io'HMO FyÜ o•H rd Qi Ü
t  ty
0O•Hrd&0•H"OdpP ^0 ^  H (~\
H  O
rdP♦H
, P  O ' ü  O p
1% -gÎH <0
:|gg! *H 0  CM , P  f)  O  i d  CM ' 0  O ^
.  p  p  ^1 0  p  H
; -g ^  
g & c T
t CM * A- A Pm LA 00 : P A MOMO m P  i • • # •* « • . LA ; A P Aen MO MO H ; H H H
CM A - . en ; MO A00 MO O . M l ' A H n -« • • * * •P p LA ' M l • A A CM
00 LA • MO 1 MO P n -P MO M l 1—1 i O co CM& • * •P MO MO en ' CO A oh- MO MO , P P A A
c T
' CM r—IO
c T
‘^ rHH
rHO
0P  -p*c J H ,•H Oo  00O 0 P4 g  P  ^Sh Cd CMO Sh ÎPP  Ü enP ’H CMIH O
! P  P *HO g
S d'H rPg  P  0 0  p  *H «H PtH o
r a  I 0 00 o  F- ; p  p  oCü cC _p-P *H ip ü <-o en•H o  CM
i-^ g  O
H
•S  :rHO 0 .P p;♦H dg. SI
§  - P -  
•tH r H  
r H  O  O 00 
P  ^•ri -P* P CM
Ol i^A m Ml M O
O
-P*
oHWu iM
en ! # .00 I
2 !
rH
PCO
•H ’
P^.
§•iHH•riPd
§
f i
O
p  p ;  '■ 
P  M ,
U1rH
LOM
CM
CMen
*
P
n -CM
n -
r -
ra 0 «o•ri 
rH&
I -H mH  o  0  
i>a d  13 p  p  'H  _  0  P g «ri P  0 O 
P4 P ,  P  d  O ' p  rH P  ü
U
VO
CM
P H  ,0  O  •H iri •o  p  p
P  î>s M l
d  f q  ü
P co en oI—I v oMO
-192"
enMO or - CM rH Mû rH CM rH rH co co rH M
*roIpq
mi
m
pCM#
A
bO
•S
u
0-p
cj
A go . PMO a ; * • •A A A
p  A  A  00  MO A  A  ♦ ♦ •  •
P  H  CM CO A - A  •  «  *
p p p
MO
A♦
CM
P M O  
A  A  •  •  ♦
P  1 A  A
00
PrH
ACM
CM
00A•
CM
bO
P*rH
&
fn'O4-3H4
CÜ
: P  MO I r -  I A  CM A ;  MO CO r - .O i • • * * # # *
1 00  O  O  ( A  A  A: 0 0  A  A |  MO MO MO
A00•
AMO
P A  00 CM •  •H O
CO p  rH p
00  CM, r-i A  A•  p n *
A  A  A A A
H  A  00  rHP  CM A r - C M  •  •  •  •  •  'P  I>. H A  O h - '  CO 00  A .
m
MO
r -  ! #
• j A13 I HO #P A•HPO' A0 I Am w !1
*
A
-■*— ■ ■"1 r -Î CMo j •iH; A
MO A 00 MOr - MO CM . A# ft ft ft
h ~ M CO CM
rH A P A  ;r - MO H  ' rHft ft ft
p P P A
A ACO CM o  ■ Pft ft ft
A o H AMO r - r - 00
-----
00
A
*CM
r -rH
*
A
::
c T
A A Ar—1 rH rH
§co
h -o P0+3 CO cd CM
•H p  P4 O
°VD
o ♦
K%
o
CO A  A P  CM CM A  A
CM
%
CM
A
■P 
Ü 
P• 13 13
. Cd
0 13 •H' IH• ro
■§
Cd A  O  Ü 00 *H CM
Cd A
S  O
p-~ rH 
CM A
Pi IP P •rH pQ H R
0  00 Ü CM
1 A
MO o  r—j CM
€#
A
MOCO•
A
rH AP F ^
r -r -
MO r -A
rHn -
•H
P1 .H •H, P p 13 P O•H •H m P Pî*q H A4 P m■ o CO P o fp CM(M (M rH A o A•rH irj m rH mA A MO MO m CMA
4 ^
A A pO O CMO o o
AtH
ft ft
P H ArH P P
00 .
r - O f tft , ft ACM MO rH
p rH Ap rH CM
ft ft ftA A A
00 A pp MO r - ,ft ft ftMO P AP P ;
'm  : A A 1M A A 1ft ft ft
P  ! P CM 1rH 1—1 P
MO00 H P A MO :A A P A f t  if t ft ft MO .CM , CM r - r - - H
r -  ; CM p 1rH P A A A !ft ft ft ft ft 'A 1 A A P A
CO
CM
CO
*
oA
• IMO 'P  !
rHr -
♦CMr -
o
I gI 'fH
^ I P'H r- 
. r H  OP i O P  P4 ! P 5  CMf *H o
u T i  S t i T '
A '  OH ' ra o  , -H o -
pMO
AH
A
CM
CM
$
oA
ACM•
rH
MO
A
- JAo
KC
rHCO
CM
AP
A
rH
A  ■
P•tH
rH 0  O -PP Cd •H p  
P  U cH «H
€
{xTArHO
I rH rH rH CM CM A O P  H p p p P
CM
%
COP
•193"',
Apq
VOCM S '
CD VD CO
ov*crv
00
CJVov
CM VO in  ^ m
H , 1 HH  ' OVVD ,♦ * # , »
ON 00 00 ' CT\
M 00 00 ; 00
00
CM
OVCO CM
VO
CO^  in # , #Ml I U1
• CO 00
00
•p
•H O ‘H
f: 0
H ro R Cd m -p  Hk  m
"P #*cd oi> p•Hjq CO Q CM o  ^
C) rH I ■ • -N  M  ! 0  *H M
CM CM
m o
C O  ; V O  r -  vD ; m u iCM
